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Belt, Collins and Associates, Ltd .
Engi neers, P la nner s a nd La nd scape A rc hit ects
-
1,102 Ka piolani Bouleva r d, Honolulu , Ha wa ii !)6814, Ph one !l49-47G7
Oc t obe r 27 , 1969
Mr . Rob e rt T . Chuc k
Di vi s ion of Wat e r & Land Deve lopme nt
Dep a rtme nt o f La n d & Nat ura l Resources
St a t e o f Hawai i
Honolulu, Ha waii 96809
Dear Mr . Chuck :
In accordance with the t e r ms o f ou r cont ract , dated
Oct obe r 22, 1968, we a re ple a s ed to s ubmit t hi s eng ineering
s t u dy fo r the d e ve l opme n t of water re s ourc es f or t h e La haina
Dis t r ict on t h e i sland o f Maui .
Afte r i n v e s tig a t i on and e v a l uat ion , it was d et ermi n e d t hat
h igh l e vel g r oun d wa te r ho lds the bes t p romi s e fo r a s tab le
a mount o f h igh q ua l it y d omest ic wa t e r to meet the pro jected d e -
mands o f the for e s e eable fu ture . I t i s to b e noted t hat i mpl e -
mentation by a n orde r ly i ncrement al deve l opme n t of r e sourc es
throug h p lan n i ng , inv e stigat i on , de s ign and c ons t ruction a s the
d emand r i s e s rathe r than a " one s ho t If capital improvement e xpen -
d it u r e would b e advi sabl e .
We wou l d li ke to e xpr ess ou r appr ec iat ion fo r a s s i stanc e
r endered u s by membe r s o f the s t a f f o f the Uni t e d Stat es Geo-
l ogi c al Surve y , Mau i County Boar d o f Wa~ e r Supp ly , Amf a c , Inc .,
Mau i Land & Pi neapp le Company a n d es p e c ial ly the e x ce l len t c oop er-
at ion and invaluable he l p ext ended t o u s by membe rs of you r s t a f f
dur ing the pr eparat ion o f t hi s st u dy .
Very tru l y y our s ,
1. ';' ! ,,, C
\, .(t1M.L~ ",~-K- ,t -1'
~Jame s R . Be l l
WDN :gk
Attach.
P rin cip als : Ro bert M. Bel t . W alte r K, Co llin >, .l amcs R. n ell





III. CHARAC TERISTI CS OF STUDY AREA
Geo graphy
Cl i ma to logy
Geology
Land Use
IV . HI STORY OF WATER
Inve st i gat i on
Deve lopment
V. EXI STING WATER SYSTEM
I r r iga t ion Water Systems
Domes t ic Wat er Systems
VI . ANTIC I PATED WATER NEEDS
Po p u l at ion
Land Dev elopment Plan
Estimat ed Future Wat er Requirement
VI I . PROSPECTS FOR WATER DEVELO PMENT
Genera l
Su r f ace Runo f f
De salinization
Wast e Wat er Recovery
Ground Water
The Wa t er Budge t









1. U.S.G.S. Area Designations A, B, and C
2. Honokohau Stream Flow Versus Diversion 1967
3. Honokohau Stream Flow Versus Diversion 1968




7. Unit Rainfall -- Runoff Plot
PLATES
1. Location Ma p
2 . Mea n Annual Rainfa l l
3 . Month l y Rainfall at Se l ec ted Ra i n Ga g e s
4. Monthly Ra i nfa l l at Se l ec te d Ra i n Gage s
5 . Geo logic Map
6 . Land Owne r s h i p
7. Existing La nd Us e
8 . Wat e r Deve lopment Tunne l s a nd Well s
9 . Pump Te st , Al a el oa Well No. 318 (E xp loratory )
1 0. Pump Te s t , La ha ina We l l No . 292
11. Exi s ting Irr i gati on Sy s tems
1 2. Exi s ting Dome s t i c Wa t er Systems
1 3. Futur e La n d Use
14. Major St r eams a nd Tra n smi s sion Tunnel s
1 5 . Durat ion Dischar g e Cu r ves -- Honokohau St re am and
Hon okowa i Di tch
16. Dur ati on Dis c harg e Curve s -- Kanaha Stream a n d
Olowa l u Dit c h
17. Wa t er Bud get
18. High Le vel Ground Wat er Devel opment Pl an
1 9 . Basa l Groun d Wat er Deve lopment Plan
20 . Supp ly - Dema nd Rel a t i on sh ip for Hi gh Le vel Ground Wat e r
Lahaina Se r v ic e Ar ea
21 . Su pp l y - Dema nd Relat ionship f or Hi gh Leve l Ground Water
Kaa napali Se r vice Area
22. Supp ly - Dema n d Re l at ions h i p for High Level Gr ound Wat er
Honokowai - Ka hana Se r v ic e Ar e a
23 . Supp l y -Demand Relat i on sh ip f or High Leve l Ground Wat e r
Kapa l ua Se r v ic e Area
24 . Su pp ly -Demand Re l a t ions h i p f or Basal Ground Wat er
Lahaina Se r v i ce Ar e a
25 . Supply-Demand Relati onship f or Basal Ground Wat er
Kaanapali Se r v i c e Area
26 . Supp ly -De mand Re l a t ions h i p f or Basa l Ground Water
Honokowai- Kahana Se r v ice Area
27 . Supp ly -Demand Re lat ionship f or Basal Ground Wate r
Kap alua Serv ice Area
TABLES
1. Water Development Tunnel s
2 . Ma u i - Type Wel l s
3. Dis t r ibut ion of Deve loped Wa t er fo r Sugar Cropland
4. Domest i c Wa t er Cons umpt ion , 1968
5. Estimated Wat er Demand for La haina District
6 . Flow Data - Major St reams in Lahaina Dis t r ic t
7 . Est i ma t ed Co s t f or the Development o f Hi gh Level Ground
Wat er
8. Estimat ed Cos t f or the Deve lopmen t o f Basal Wat er
I SUMMARY
Purpose a nd Scope of Work
Th e p ur p o s e of this study is t o de lineate a water sour ce de -
ve lopme nt and tran s mi s sion p lan whi ch will meet the domes t ic urb an
wat e r r e quire me n t of the Lahaina Di strict of We s t Ma u i , taking
int o acc ount t he cont inu i ng irrigati on ne ed s o f a gricu l t ure .
Th e s c ope of work include s the r ev i ew o f e xist i n g avai lable
data that wil l corre l ate ava i lab le sou r c e s with p re s ent a nd fu -
t ur e needs, the de t erminat i on of t h e alt e r nat ives of phys i cal deve l -
opment that wil l .me e t the n e ed s a s the y arriv e , and t h e cost o f
the de ve l opme nt most compat ible to t he ne eds a n d gr owt h patte rn
anti cipat ed .
Limiting Cr i t e r i a
Th e only s p e c i f i e d limi t a t i on of t h e study is tha t the value s
and t i ming o f urban ized n e ed be tho s e o f the " 7 01 " s t udy f or We st
Ma u i , p rep a r e d b y Muroda & Ta naka , Inc . , dat ed De c embe r , 1968 ,
and e n t i t l e d , " A Gen e r a l Plan f o r t h e Lahaina Distr ict , Coun t y
of Mau i . "
Nee d f or a Wat er Plan
Th e Muroda & Ta n a k a "7 01" s t udy pro j e ct s s ubs t a n t i a l urb an g r owt h
i n t h e Lahai na Di stric t . A wat e r p lan i s ne e de d to p rovide a gu i d e
line f or p l ann ing , de sign i ng , a nd const r u c t ing a wat e r system,
or s y s t e ms , economi call y viable , r e a s ona b l y f l e xibl e a nd s u f f i c ien t ly
i n c r ement a li z ed t o mee t the wat e r n e e d s of t h e a r e a a s t he y ar i se .
Cha r a c t e r i st i c of the St udy Ar ea
The La hai na Di s tr i ct i s t he sou thwes tern port ion o f t h e We st
Mau i v o lcanic dome . The di s t r ict c omp r i se s ab out hal f o f We s t
Ma u i .
The West Maui dome i s f orme d primarily of p rimit ive olivine
bas a lts . Elevation v ar i e s with g e n e r a l uniform ity fr om app r oxi -
mately 5 ,80 0 f e e t dow n t o sea l evel . Geo l og i c a l ly t h e r o c ks o f
West Ma u i a re the Hono lua andesit e s and trachyt es and th e Wailuku
basalt . The l a t t er be i ng the most i mp ort an t as a water b earing
a qu i fe r .
Rain f a l l p a t t e r n s a r e relat i ve l y uniform wit h t r a d e wind s oro-
gr a phi c precipi t a t i on at a maximum a t h igh e r eleva t i on and a t a
mi n imum ne a r sea l evel . Ann ua l p rec ipitat ion r a ng e s fr om as muc h
a s 40 0 inche s to as low as 15 inc h e s . An nua l i s ohy e t a l gr a d i e n ts
a re steep a n d thus s ub jec t to n egl i g ib l e c ha nge in po s ition with
the a cquis it ion of addit i onal s t a t ist i ca l d a t a . Th e r ang e of month-
l y rainfa ll at s e l e ct e d gaging s tat ion s is s ubs t ant i a l , particu-
lar ly at l owe r e levat ions .
Land Use
Pr e s ent l a n d u s e of the La hain a District i s as shown in the
f ol l owing tab l e.
Conse r v a t i on (Forest Re s e r ve ) 21,800 Acs .
Agr icu l t u r a l 26 ,6 00 Acs .
Ur ban 2 , 800 Ac s.
Ot h e r s 10, 1 00 Acs .
Fu t ur e l a n d u se a s reflected in the "701 " report f or the La -
haina Di st rict i ncre a se s the urb an u se to a pp ro x imat e l y 4 , 6 70 acre s .
Th i s inc rease in ac reag e for urban u s e will c ome fr om a gr ic u l t u r a l
and ot he r present l a nd u s e s.
Exi sting Wat er Systems
The r e a re ba s i c a l ly t wo c a tego r ies o f ex i stin g wa te r sys t ems
but with some ove r lap i n t ype of u se . The cat e gor i e s a r e a gr i -
c u l t u r a l a nd dome s t i c .
Th e p r im ary a gr i cultural sy s t e m i s t hat o f Amf a c ' s Pi on e e r Mi l l
Co. Se rving t h e Pi on e er Mi l l sy s t em and i t s own agr icu lt ur a l a nd
domes t i c r e quireme nt s is t h e dive r si on , tran s mi s s i on, and di s tri-
but i on syst e m of Ma u i Land & Pineapple Company.
There are s i x domes t i c sy s tems - - t wo of whi c h are p riva t e sy s -
tems devel op ed p r i mar i l y f or i rr i gation pu r po s e s but al so providing
f or t he domes t ic r e qui rement s o f t h e var ious p lan t at i on v i l lages
a n d t he Ka a n a pa l i Re s ort ; and f our Coun ty sys tems wh ich s e rve La -
haina , Hon ok owai, Alae l oa -Kaha n a , a nd Honokoh a u . Th e Hon okowa i ,
Alae loa-Kahana , a n d Hon ok ohau s y s t e ms p resent ly ob t a i n wa t e r f r om
Mau i Land & Pineapple Co .
Total a vera ge d ome st i c cons umpti on i n the Coun t y s ystems i s
784 ,0 00 GPD.
Anticipat ed Addi t i on a l Wat e r De mand s
The growth i n domes t i c wat er r e q u i r ement s in t h e Laha i n a Di s -
t r ic t i s expec t e d to occ ur p r im a r i l y a s a r e sul t o f the i ncreasing
urbani zat i on of the a rea ' s r e s ort - or i ent e d e c on omy . Th e c a t ego r i es
o f s ign i f i c a nce a r e r e s ide ntia l , apart me nt , h o t e l , comme rc i a l ,
indu s trial and pub li c . In c l u d e d with i n th e s e cate gor ies a r e go l f
c our se irriga t i on a nd l and s c a p e i r r i gati on .
To t al u s e i n a l l cat e go r i e s i s e xpec t e d t o gr ow fr om approx -
im a t ely 2 . 7 MGD in 19 70 t o 14 . 9 MG D in t he y e a r 200 0 . Whi l e urba n
use will measurably increase, agricultural requirement should re-
main fairly consistent, assuming no significant change in the scope
of pineapple or sugar cane operations. Such an assumption is ba-
sic to the projected growth as expressed in the l!701l! report.
Urban water demand for the district is projected to be 9.7 MGD
by 1985--about a four-fold increase over present use.
Amfac projects a 1,8 MGD greater requirement for 1980 than is
derived from the Muroda & Tanaka report due to a more optimistic
view of development in the Lahaina and Kaanapali areas. Both es-
timates are based on identical unit values of use except for the
residential-apartment demand.
The unit values Ol use adopted for this report are based on
a review of past experience in the Kaanapali area and are:






*GPAPD = gallons per acre per day
A major increase in requirements will occur by 1975 with de-
mand rising to betterihan 5.0 MGD for urban use.
Water Availability
The primary sources of new developable water in the Lahaina
District are from ground water sources. This report concludes
that high level (dike held) ground water holds the best promise
for a stable amount o f hi gh qua l i ty dome sti c water and t hat s u c h
re sources are s ubje ct to an or d e r l y inc remental p roc edure of "prov -
ing up " , p lanning , design and construction consis tent with " a s
needed ll rather than "one s h o t " c a p i t a l improvement expend i t ur es .
Should t h e nece s sary f ield dr il l i ng investiga ti on s hav e re sult s
adverse t o high l evel gr oun d water development, it i s c oncluded
that basal ground water sour c e s shou ld be ut ilized .
Sur fac e wate r source s , both rai n f a l l run off and bas e fl ow, have
been developed i n the district to the e xt ent that further d e ve lopment
i s " e c on omi cal l y" a n inferi or c h oice t o the gr oun d water approach .
The s ur f a c e wat ers available f or u s e are either peak s tor m runoff
or limi ted bas e fl ows at r emote l o c a t i on s.
Out - of -area s our c e s, s e a wat e r treatme nt and wast e wat e r re -
covery are g e n e r a l ly e c onomi c a l ly unattracti ve .
Water budget s h ave been pre pared f or three a reas : Ar e a A -
Hono kohau Ea st through Honokeana bas ins; Are a B - Kahana East through
the Launiupoko basin; and Area C - cons i s t i ng of Olowalu and Uku-
mehame ba s i n s. Th e s e budget s s h ow groun d wat er rec h a r g e for a
monthly median rainfall of the foll owi ng value s:
Area A ------- 2 9 MGD
Ar e a B ------- 35 MGD
Area C ------- 6 MGD
In the cases of areas B & C, r e c h a r g e i s primar ily effe c t ed
with wat er fr om the upper areas, a s rainfall in l ower areas i s
not s u f f ic i ent t o meet evaporat ion t ransp i rat i on r equireme n t s .
By de v e lop ing high l eve l groun d wat e r and t a k i ng advant a g e o f
t h e a ve rag i ng e f fe c t o f d ike s to r a g e , it i s c on si dered t ha t a n
amount suf f i cient to meet the n eed s of the y e a r 20 00 , a n a dd i t i on a l
14 MGD , c a n be d rawn wi thout a dve rse c ons e quenc e s e ven in a c r it ica l
wate r pe r iod , p rovi de d t he withdrawa l i s o f a dispe rsed characte r
a s p ropo s ed in the r e c ommended de ve lopment plan .
The p r e c i s e l o cat i on of wel l s must be es t a b l ishe d b y more de -
t a i l ed fi eld i n v e sti ga ti on and te s t dr illing progr ams.
Plan f o r Wa t e r Dev e lopmen t
The recommended p lan i s t o p rov i d e gro und wa t er fr om Kanaha ,
Hon okowai , Hon ok a hua and Hono lua Va l leys t o meet t he wa t er n e ed s
of the La haina Di stri c t i n the f ore se e a bl e f utur e . Th e groun d
water would b e develop ed with a se r i e s o f verti cal well s a s the
dema nd a r i se s . Re se rvoi r s t o s tore t he deve lope d water would be
cons t r u cted a long wi t h t ransmis s ion lin e s to t h e se r vice a reas .
The e l emen t s o f t he plan would be d e ve loped i n s tages t o me e t the
pro j e cted demand to t he ye a r 2000 .
I I I NTRODU CTION

With the adv e n t of Stateho od , Hawa ii has exper ienc e d an e v e r
inc reas ing act i v it y i n t h e t our ist indus t r y and in secon d l i vin g
unit i n tere st by Mai nlan d inve s t or s . Ma u i is t h e ou t er isla n d
whi c h has p r o ba bly e xper ience d the greates t de gre e o f growth i n
the va cat i on o r i ent ed economy o f Hawa i i . The Laha ina Dist r ict o f
Maui , s hown on Plat e 1, has s hown a gre a te r d e gree o f concent r a ted
growt h t h a n a ny other a r ea on the i s l and . The Lahaina Dis trict ,
whi c h inclu d e s the town of Laha i n a , the Kaa n a pa li r e s or t develop-
ment and the s h or e l i ne develo pment fr om Ka ana pal i to Ka pa l ua Ba y ,
i s p ro j ected t o grow a t an i n creasing r a t e .
The pen d i ng ur ba ni z a ti on o f t h i s a r e a b r i n g s with i t conce r ns
fo r the bas ic s e r v i ces that wi ll be r equired to s e r ve t h e c ommu-
nity. Foremost amon g the n e e d s of t h e a r e a i s a st a ble, ade qua t e
and economic a l source of p otab l e wat e r f or domest ic u s e. Re c og -
n iz i ng that a vailab l e wate r s upp l i es a r e a l way s s ubject t o c om-
pet i t i ve u s e s , a tot a l c once r n f or wa te r i n c l ud e s that r e quired
f or agr ic u l t u r a l as well a s urban u s e .
Th e Stat e o f Ha wa i i, Dep a r t ment o f La n d a n d Natural Re s our c e s ,
Di v is ion of Wa ter and Land Deve l opmen t (DOWALD) , in conc ert with
the Board o f Wate r Supp ly , Coun ty of Maui , ha s recogn ized the
pen d i ng n e ed s a n d has ini tiat ed t hi s s t udy to i n v e s t i ga t e t h e
p os sib le sourc es o f wate r f or f u t ur e n eeds and f o r mu l a t e a gene ra l
pla n of de velopment f or servin g the m.
Pre s en t wate r n e ed s for the Lahaina Dis t r ic t are me t b y a
s e r ie s o f s ys t ems , bot h p rivat e and p ubl ic . Th e Board of Wate r
Supp ly , Count y of Ma u i , has f our se p a r a t e s y stems i n t he Lahaina
area . Amfac , Inc . ha s a separate sy st em n o t on ly f or i r r i ga t i on
purpose s but al s o for do me sti c us e in the Kaanapali area . Ma u i
Land & Pin e app le Company, which has an e xt e n s i v e i rrigation water
de velopment , not on ly provi des wate r f o r its ne e d s and for Pioneer
Mill bu t al so make s water availabl e t o t he Co un t y o f Mau i f or dome stic
purpose s .
Thi s s t udy of nec e s sit y involve s c onsideration of all t h e wa t e r
sourc e s and sy stems operational i n or immediat ely a d j a c e n t to the
La haina Di strict .
From a f l exibility and prot e ction p oint o f vi ew, there would
be an advant a ge i n an int e grated domest ic wate r s upp l y sy st em .
Where a ll s ourc e s a r e deli vering t o a common system, s tandby we l l
r e qu i r eme n t s are somewhat less ened . Although n ot s pe c i f i ca l l y
s h own on the development pla n , it is cont emp l at ed that the Kapalua-
Kahana-H onokowa i - Kaanapali -Lahaina are a wil l have a n in t er- c onnect ed
t ran smi s sion sys tem which all ows water fr om a n y of the d omest ic
sou r ces t o s upp l y the common t r a ns mi ss ion - d is t r ibuti on s y s t em .
III CHARAC TERI STIC S OF STUDY AREA
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Ma u i i s the second largest i sland of the Hawaiian a r c h i pe l ago .
I t li e s in the midst o f t he Pacifi c Ocean b etwe e n 210 02 ' and 2 00
35 ' n or th l ati t u de a n d 1550 59 ' and 1560 42' wes t longitud e . The
island i s approximately 48 mile s l ong ~ has a width o f approximately
26 mi les at it s wide s t point~ a nd has an are a o f approx imate ly
73 0 s qu a r e mile s . Maui lie s 60 miles s ou t h e a s t o f Oahu and about
60 miles n orthwe st of the ne xt i sland i n the Hawaiian chain , Hawai i .
Ma u i a nd Hawaii are s e parated b y Al enu i ha h a Cha nne l . Mo loka i , t h e
next i sland to the northwest ~and Maui are sep a r a te d b y Pai l o l o
Channe l .
The La haina Dis t r ic t , the area und er s t udy , c overs an a rea o f
s l igh t l y ove r 96 s quare mil e s on t h e n orthwe st e n d o f the i sland
as s h own on Plate 1. Th is i s appro x imate ly 13 p e r c ent of the
total a r ea o f the Island o f Maui .
The principal urban a r ea is the town of Lah aina ~ capi t al of
the Kingdom o f Hawaii in Ancient Time s. Ot he r urban development s
within the Lahaina Di strict consi st of p re s ent l y e xp a n d i ng re sort
facilitie s f ollowing the coas t l ine between Kaanapa l i and Kapa l ua
Bay , a n d the numerou s s ma l l c ommun i t ie s o f Hon ok ohau, Honokahua ,
Kahana ~ Mahin ahina , Honokowai ~ Puukolii , Ma l a, Wa i n ee and Ol owalu.
Some o f t hese plantati on vi ll a g e s have be e n or are be i n g e nc roac he d
on or abs or bed int o expanding r e s or t deve lopments .
The s e at of g ov e r nmen t , f or the Lahaina Dis t r ic t , a s well a s
f or t he r e st of the i sland, is t h e t own o f Wailuku, l ocat ed t o
the n or the a st of t h e West Ma u i moun t a i ns . Th ese mountains act
a s the c ommon bound a ry between the Lahaina a nd Wail uku Di stricts .
CLIMATO LOG Y
Gene ra l
We st Maui d i st r i c t h a s a climat e t yp i cal of a reas in t he Ha waiian
I sla n d s s he ltere d f r om the pre vail ing n or t heas t er l y t r a dewinds .
As e lsewhe re in the Hawaiian chain, the c limate o f the Lahaina
Distri ct i s s ubs tan t i a l ly a f fec ted by t opograph ic c on fi gurat ion .
Di f f erences i n e l e vation a n d c losen e s s o f t he mount a i n ma s s e s t o
t h e coastal a rea have a sub s tantia l im pa c t, bo t h on temp e r a ture
a n d r a infa l l .
Dur ing the winte r months o f the y e a r , the a r ea i s exp os ed to
" Kona" r ains, whi ch are primar i l y fr om c y c l on i c s t o r ms . Th e r ain -
fa ll r ec e ive d during a s i ng l e cyc lon i c s to rm can exceed the amount
of rain f all r e c eived dur i ng the bal a n c e o f the y e ar . Th e e f f e c t
i s t hat o f s uper i mpos i t ion o f cyc lon ic patter ns on a normal tra d e -
wind r e gime . Maximums a nd min imum s of ra infal l can b e widely di -
v e r s e wi th ma x imum s runn i ng t o app rox i mat e l y 400 i n c he s p e r y e a r .
Tempe ra ture
Th e t emp e rat ur e withi n the s t ud y are a v a r i es with el e va t i on.
The l ow c oast a l a r e as a re g e n e ra l ly war m. For example , t he me an
a nn ua l t e mp era t ure of Kaanapa li , the s i t e o f major res ort de ve lop -
men t f o r the a rea , i s app rox imately 76° F . Thi s i s the hi ghest
mean annual t e mperat ure a t any me a suri ng s t a t i on on t h e i s l and .
The mi nimum r e c o r ded t emp eratur e at Kaana pali i s 47°F , whi l e the
ma ximum i s 98°F . Ave rage da i ly ma ximum is about 8S oF , whi l e ave rage
daily min imum i s a round 66 ° F .
Wind s
Th e d i st r ict i s e xp os e d p r i mar ily t o t h e northeas ter l y t r a d e -
wind s , as mod i f i ed by the s h ie ld i ng e f fec ts o f the West Mau i
mou n t ai n s . As i s the ca s e with ma ny l e eward a r e a s , the Lahain a
Dis t r ic t i s s u b j e c t t o di ur na l wi nd variation r e sul ting f r om tem-
p e r at u r e cha nges ov e r t h e l a n d mass a nd t h e oce a n p lane . Th e down
s lop e e f f ect has g i v e n s ome r eput ati on t o a reas s u c h a s Ka a n a pa li
o f being "breezy".
Wind patter n s a r e marked l y dif f e r ent und e r con d i t i ons o f " Kon a ",
c y c l on ic s tor ms a n d wind v e loc i ti e s hav e been known t o ri s e t o
50 - 6 0 mi l e s p er h our .
Ra i n fa l l
Th e p r edominant p a r amet er o f c l ima to logy i n t he st udy o f the
Lahaina Di st r ict wate r s upp l y i s, o f course , r ainf a ll .
I t i s ge n e r a l ly r e c ogni z ed tha t r ainfall i s a h i gh l y vari a bl e
i t e m wi th i n t he We st Ma u i a rea . I t i s r e c o gni z e d t hat mean ann ua l
r ainfall wi thi n the d i s t r ic t c a n var y fr om as l ow a s 1 5 i n c h e s
t o a s mu c h as 4 0 0 i nc h e s, d e p endin g p r i ma ri l y o n e l e v a ti on . Pl ate
2 s hows the dist r ibution o f mean a n n ua l r ain f a ll a s d e ri ved s t a t is -
t ic a l ly f r om d ata a v a i lab le t h r ou gh 1968 . Th e rainfa ll grad i e nts
(i sohy e t s) a s s h own on t h is pl a te vary s ome wh a t , b ut n o t i mportan t ly
fr om i s ohyetal p lots con t a i ne d in p revi ou s r e p ort s . Data o f thi s
type s ho u l d be t aken " c um granu s a l i s !! be c a u s e o f the manne r i n
wh i ch i s oh y e t al patt ern s var y wi t h s ta t i s t ical dat a ava i l a b l e .
Th e r ang e in ra i nfall va r iati on i s e f fec t i ve l y demon s t r a t ed on
Pl a tes 3 & 4 e nt i t l ed , "No n t h Ly Ra infa l l Fr om Se l e c t e d Ra in Ga.ge s !".
While generalizations are often made regarding rainfall patterns
in lee areas in the Hawaiian Islands, there are periods in which
these patterns are substantially upset. The examination of the
aforementiooned charts will make this evident. For example, Puu
Kukui rain gage No. 380 shows a monthly rainfall ranging from
approximately 10 or less inches for December to as much as 150
inches for December. It is also interesting to note for Puu Kukui
rain gage that the average value of rainfall for each of the 12
months of the year is fairly close to 35 inches. This is consis-
tent with the mean annual rainfall value of 400 inches. However,
annual rainfall at this gaging station has ranged from as little
as 232 inches to as much as 578 inches.
It is important to note, also, that the area above Elevation
1000 represents only 46 per cent of the total district area but
represents 80 per cent of the rainfall of the Lahaina District.
To further exemplify the difficulty in evaluating rainfall,
the following points are made:
a. The range in recorded annual rainfall at Lahaina has a
ten-fold variation from minimum to maximum value;
b. The range at Kahoma intake has an approximate five-fold
variation.
Evaluation of data indicates that variations between minimums
and maximums are greatest at the lower elevations.
In arriving at the figure to be used as a preliminary value
for gross average annual water replenishment for the Lahaina District,
Th e U.S . Geo log ica l Sur vey fi gure o f 340 million g a l lons per day
rainfall seems a s a t is fa c tory ba se point f or the estab l is hment
of a prel iminary water bu dge t . Sub sequent st ud i e s , referred t o
l a ter, show somewha t different fi gure s .
Surface runoff, ba sal ground wat er r echarge , s u r f a c e water di-
version , hi gh l eve l grou n d wat er r e c harge a l l r elat e, although
in different ways and with different parameters , to r ainfall.
GEOLOGY
The fa c t or se cond on ly to r a i n f a l l in i mp ort a n c e i n i d entifying
s our c es of wate r in We st Maui and methods of their deve lopment i s
g eo logy .
Th e vol cano o f We st Ma ui, t h e sou t hweste r n s lope o f whi c h com-
pri ses t h e Lahaina Di strict, i s d i s simi lar in seve r al r e s pe c t s to
the othe r vo lcano es o f the Hawa i ian c hain . Th i s d is s imi lari t y has
s ub s t a n t i a l i mpa c t on the nature of water s ource s and the means
and method s b y which the s e wat er s ourc e s c a n be deve l oped. The
di ssimilariti e s between We st Mau i vo lca no and the othe r v ol can oe s
are the mo r e ci r cu lar f o rm, s t e ep er d ip s, more l arge i ntrusive
bod ie s , wi de r d i kes and radi al dike s , a s de s c r ib ed b y Stearn s and
Ma cdonald, whic h have s ub s t a n t i a l bearing on the l o c a ti on of wat er
sources , the q uant it a t ive e xtent o f s our c es , the i r d epen dab i l i ty ,
the mi gr at ion of gr oun d wat e r and ot he r eleme nts , a l l p e rt i nent
t o the de v elopment a n d e xp lo r a t i on o f b oth b a s a l a nd h i gh level
groun d wat e r s upp l y .
Gene ra l ly , the Wes t Ma u i vol cano i s de f ined a s a dome o f pr i ma -
tive olivine b a s a l t , ova l s h ie ld s haped . I t was la i d d own in t h e
f orm of h igh l y fluid pah oeh oe a n d aa f l ows o f mo derat e t hickne ss .
Puu Kuku i , the h ighes t p o int on We s t Mau i , h a s an e l evation o f
a ppro x i ma t e l y 5788 f ee t .
Of c ons i de rab le i mp ortan c e i s the f a ct t hat the o l d es t and most
predominant r o ck s on We st Ma u i a re t h e Wailuku basal t s . Th e se
o livine ba s a l ts a re p e r meab l e i n c h a r a c t e r and are t h e , p r e sen t
and f u ture b e s t sou rc es of hig h l eve l dike wate r a s well a s basal
wat er . The overly i ng Hono l u a s oda trachyte and a n d e s i t e s a re con-
s i de re d to be p o or aquife rs as a r e th e Lahaina picrit i c bas a l ts .
One o f t he s i g n i f i can t f eature s o f the geo logy o f We s t Maui i s
the r a dial c h a rac t e r i st ic of t he d ike s t r u c t ur e s . As will be dis -
c us s e d l a t e r, t h is cha r ac t e r is t ic cou l d have an i mp a c t on the c ond i -
ti on s r e lating t o ground wat e r mi g r at i on an d b asal wat e r r e c harg e .
Mu c h o f the coa st o f We s t Ma u i i s c ove red b y c on s o lida t ed sed i -
ment ary r ock s c onsi sting o f t a l us b re cc i a , c alc a r e o u s s a n ds , marine
co n g lomer a t es and othe r a l l uv ia l co ng lomer a tes . Th e s e a lso o c c ur
i n t he bot t oms o f maj or val l eys . Beach s e d i me n t s and young e r
a l luviums are found prima r i l y a l on g t h e c o a s t . Al l e v ide n c e avail-
ab l e indicate s that the ba s i c sou rce o f d omes tic wat er s u p p l i e s
in the We st Maui a r e a wi l l b e the Wa iluku r o c k s . Th e ir highly p e r -
meab l e char acte r , p os s i b l y gr e a te r than that o f t h e Ko o l a u s e r ie s
o f Oah u , and t hei r i n t r us ion by i mp e r meab l e di k e b a r r ie rs f or m
t h e unde rgr oun d wa t e r comp a r t ment s wi thin whic h the maj o r po r t i on
o f d e ve l opab le wa t e r o f hig he s t q ual it y i s a vaila bl e .
LAND USE
Exi sting
Th e exi sting land u s e of the Lahaina Dis t r i c t , I sland of Maui,
i s del ine a t ed on Plate 7. Approx imate l y 35 pe r cent is i n c on -
s e r vat i on ( f ores t reserve ), 44 per c e n t Agri cultural, 5 per c ent
Urba n and the balance i s undefined.
The plat e s indi cat e the predomi nance o f agricultural u s e i n
thos e lands that are s u b j ec t t o and s u i tab le for development by
man . Th e lar ge a r e a des ignated f or f ore s t r e s erv e and the majo r
po r t ion s of the unidentified areas b etwe en thes e land s and the
s uga r c a ne a nd pineappl e l and will proba bly s t a y in a natural s tate
f or a n indefini t e p e r iod i n the futur e.
Future Land Us e
Th e Maui Count y Pla nnin g Department ha s r ecent l y c ompl eted a
l and u s e s t udy t hrough t he "7 01 11 g r an t . Th e re sulting p lan pro -
vid e s t he fram ework f or e f f ec t i ng an orde r l y deve lopme nt o f the
Laha i na Di st r ict . Plate 1 3 set s f ort h the fu ture l a nd u s e pattern
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MONTHLY RAINFALL
AT
SELECTED RAIN GAG ES
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SOURCES : I. U.S. WEATHER BUREAU , CLIMATOLOGICAL DATA
2 . RAINFALL OF THE HAWAIIAN ISLANDS PLATE 4
Olivine basalt flows, cinder canes, and
tuff beds of the Wailuku Volcanic Series.
MAP
Soda trachyte flows domes and . d1 1 ern er
cones of the Honolua Volcanic Series,
Dikes of the Wailuku Volcanic Series.
VOLCANI CROCKS
Picritic basalt flows and c' d
of the Lahaina Volcanic selr1e~~s cones
SEDIMENTARY DEPOSITS
Alluvium and colluvium; beach deposit.
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St ud i es and inve stigation s o f the wat er r e s ource s f or the
La h a i n a Di s t r i ct have be e n conduc ted p re v i ous ly by vari ous p e r s on s
and agen c ie s . Some o f the pertinent s t ud ies made are:
a . Geo log y a n d Ground Wate r Res ourc es o f the I s l a n d of Mau i ,
by H. T . Stear ns a n d G. A. Macdona ld , 1 94 2 .
b . Pre l im i na ry Report o n t he Wat er Resources o f t he Lahaina
Di s t r i ct, Maui , b y the U. S . Geo l ogi ca l Su rve y , 1 96 9 .
c . Improvement s t o Coun ty Wat er Sy s t e ms , Lahaina Di s t r ict ,
Mau i , (Report R-21) b y t he Departmen t o f Land and Natur a l Re sou r ces ,
1 96 3 .
d . Ground Wat er Su p p l ies fo r Pi one er Mi l l Compan y , Mau i , by
H. T . St earns .
e . Data on groun d and s u r f a c e wat er c omp iled by DOWALD.
Th e eva l uat ion o f the wat e r r e s ou r c e s f or this r e p ort re lie s
h e a vily on the man y i nvest i gat i ons c onducte d pre v i ou s l y and the
dat a comp i led t hroughou t the yea rs by the U. S . Geo log ica l Surve y .
DEVELO PMENT
Wate r deve lopment in the Lahaina Di st r i ct wa s s tar t e d by t he
ear l y Ha wa i i a n s with the d ive r s i on o f s t r e a m fl ows f or u s e in the
i nla nd taro patche s in s ome o f t h e ma j o r st r eam va l l e y s . F i e lds
we r e a lso maint aine d in t h e coas t a l r e a c h e s o f the pe r ennial s t r e a ms .
Wa t e r r i ght s o f 1 MGD fo r t h e g r owi ng o f taro are st i ll ob s e r ved on
Honokoh a u St r e a m. Domes t ic wa te r wa s o b t a i ne d fr om coasta l sp r i ngs
o r fr om wel l s d ug ne ar coastal s p r i ngs .
From early 1 9 00 , s t r e am fl ows fr om t he perennial s t r eams were
divert ed by ditches and tunnel s for the cultivat i on of s ugar cane.
Subsequen t ly , e l e v e n tunne l s , of which two are dry , we r e dri ven t o
t a p h i gh level grou n d wat er a nd thus appre ciably incre a s e d t he bas e
fl ows o f s t re ams . The wa t er devel opment t unnels a r e sh own on
Plate 8 with pertinent dat a s umma r i zed in Table 1 . Dr iving tunnel s
into the d ike comp a rtme n ts on the down stream side o f the d i k e s ys-
tem where t he wa t er had a l r eady been draine d by t he st r e am a n d ran-
d om tunne ling to follow "vein o f water" tapped water imp ounded be-
hind d ikes of dense r o c k s were t wo major e r ror s commit te d in the
deve l opment o f h igh l evel tunnels, a c c ording to H. T . Stea rns . As
soon as s t or age within these compar t men ts was d e pleted, t h e tunnel
yield e d wa ter equa l only t o t he rec harge ab ove the are a f r om r a i n-
fall .
Ear ly in the c e n t ur y , t welv e Ma u i - t ype we l l s , a n ame app l ied to
s h a ft s exc avate d t o the bas a l l en s with sk i mmin g t unne ls , were con -
s t r u c t e d along the c oas t al areas b y the tw o plant ati on s t o s upp le -
ment the sur f a c e wat e r r es ources . Th e locat ion s of the s e we l ls a r e
s h own i n Plat e 8 with the pert inent data summari ze d on Tab le 2 .
There a re al s o s evera l dr i l l ed a nd du g we l l s a l ong the coastal
a rea. The s a l i n i ty o f the basal g r oun d wa t ers fr om the s e we l l s i s
gr e a te r t h a n the r ecommended he al t h s t a n da r d f or domes t i c cons ump-
t i on .
In 1 962, DOWALD drill ed an exp lor a tory well about 1. 5 mi les
f rom t he coast n e a r La hainal un a High Schoo l at an e l e va t ion o f 44 1
feet. Results of the pumping test indicated a salinity of 118 ppm
with a drawdown of 1.2 feet. The yield was considered good, and
subsequently, the Maui County Board of Water Supply drilled another
well nearby. Both wells are presently used to supplement the sur-
face water from the Kanaha Stream. Plate 10 illustrates the result
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El e va t ion of Da ily
T un n el N ame of A b ove M.S. L. tu n n e l fl ow
No . Valley Owner (ft. ) (ft . ) M.G.D.
13 Ol owalu P.M. Co. 1 , 710 3 , 0 0 0 O. 1
14 Olowalu P. M . C o. 775 - -- -- Dry
1 5 Launiupok o P.M. C o. 1 ,425 1 ,320 O. 1
16 Ka.u a u l.a P . M. C o. 2 , 92 0 6 56 2.0
17 Ka h oma P. M. C o. 1 , 923 2 , 5 00 Dry
18 Ka hom a P.M . C o. 1 ,984 3, 08 0 1.9
19 Ka h orn a P. M . C o. 2 ,3 50 7 3 9 O. 0 1
20 -A H ono k owai P. M . C o . 1 ,7 00 1 ,2 5 0 1. 7 6
20 -B Ho nokowa i P.M. C o. 1 ,6 0 0 1, 0 50 0.58
2 1 H on o kohau M. P . C o. 88 0 7 20 2 .25
22 H on o k ohau M . P . C o. 9 00 1 , 015 1. 81
Sour c e s : 1. " Prelimina ry R eport o n Water R e s ourc e s o f t h e Lahaina District, Maui " __
C ircular C51.
2 . "Ge ol og y a nd Gr ound Water Re sourc es of the Island of M a u i , Hawaii " by
Ha r old T. Stearns and Gordon A . Macdonald.

TABLE 2
MAUl T YPE WE L L S
D epth Static
Narn e Elevation of Purnp i n g Draw- Water
U . S.G. S . of Above M. S . L. S h a ft Capacity Down lev el Salt
No . We ll O wner (ft. ) (ft . ) (M. G. D. ) (ft. ) (ft. ) (P. P.M.)
1 Alaeloa M . P . C o. 24 4 24 5 0.0 3 0 2 .0 24 9
2 H onokowai M . P. C o. 6 5 65 5.00 2 .0 2 .0 520
3 Ka a n a pa li P. M. C o. 27 2 5 15.00 0.7 2.0 83 1
4 Hahakea P. M. Co . 14 12 5.00 O. 5 1.5 727
5 K a h orna P. M. Co. 322 3 2 3 1 0. 00 O. 7 2 . 2 312
6 Wa hiku 1i P . M. C o. 26 27 5. 00 0.7 1.5 62 3
7 Mill P .M . C o. 34 39 10.00 3. 0 3. 0 1,039
8 Lahaina P.M. Co. 30 31 10. 00 1. 0 2 . 0 62 3
9 Lahaina P. M . Co. 30 31 13. 90 1.0 2. 0 831
10 O lowa 1u P.M. C o. 1 65 30 0 5. 2 5 1.0 3.5 312
11 O lowa 1u P. M. C o. 20 20 3 . 0 0 2.0 2 .0 187
12 U kurn e harn e P. M. C o . 7 9 14 3 4 . 7 5 0 . 7 6 . 0 468
So u r c e : l. "Ge olo gy and G r o u n d Water Resourc e s o f the Island o f Mau i "
by H. T . Ste arns a nd Gordon A . Mac d onald .
2. " Irnp r overnent s to County Water Systern s , Lahaina District, Maui"
R epor t R- 2 1 .
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SOURCE : I. " SUMMARY OF DRIL LING LOG AND PUMPING TEST FOR
ALAE LOA WELL NO. 3 18"- CIRCULAR C35
JUNE 30 , 19 6 4
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MARCH 4 , 196 3
SOURCE :

V. EXISTING WATER SYSTEM
Irrig ation Wa t er Sys tems
Domest ic Water Systems

For convenienc e in thi s s t udy , the water sys t e ms now s erving the
La hai na District are gr ouped int o two categori e s : th ose p roviding
wate r f or dome st ic use and those p r oviding wate r to the plantat ions
for a gricultura l use . Th e irrigation sys tems own e d by Pi one er
Mill Compan y , togethe r with the tra n smi s sion fa c ili t y own ed by Maui
La nd & Pineapp l e Compa ny , a r e s hown on Plat e 1 1. Th e f our Count y
s ystems a n d the Kaanapa l i private sys tem owne d b y Amf ac , I n c. are
s h own on Plate 1 2 .
IRRIGATI ON WATER SYSTEMS
The lar ges t wat er sy s tem in the di s t r i c t h a s be en d e vel oped f or
irr i gat ing the s uga r c rop lands o f Pioneer Mi l l Comp any . The sys -
tem ut ili z e s s ur f a ce wat er , h i gh leve l g r oun d water , and saline
bas a l gr oun d wa ter. Fa cilitie s includ e d i tc hes , fl ume s, rese rvo i rs ,
and Ma u i - ty p e wel ls . An averag e o f 25 MGD i s al s o purchase d fr om
Maui Land & Pi neapple Co . whi ch d iverts fl ows f r om Honokoha u and
Honolua St r eams and exp ort s i t approximate l y 7 mile s t hrough trans -
mi s sion tunnel s a nd ditch e s to the Pi on e e r Mi l l irri gation s y stem
a t Mahinahina St r eam . Pl at e 11 s h ows exis ting i r ri ga ti on tra ns-
mis s i on and di s tribution f a cili tie s .
DOMESTIC WATER SYSTEMS
The dome stic wat er sys tems , s h own on Plat e 1 2 , are bot h public l y
and private l y owne d . In addition t o t he four Coun ty sys tems and
t h e Amf ac s y s tem shown on Plate 12, Pion e er Mi l l Co . a n d Ba ldwi n
Pac k e rs (n ow Ma u i Land & Pine app le Co . , Ltd . ) develop e d wa t er sys -
t ems t o s e rve the ir p lantati on vi lla ges .
Private Sys t e m
The p r i vat e sys tems ut i l iz e bot h s ur face wa t er a nd h i gh l e vel
gr oun d wa t e r f or t he i r d ome s ti c u s e s . Al th ough most o f the wate r
deve l oped i s u s e d f or irriga t ing the c rop l a n ds, i t s e r v e s a dua l
p urp o s e by p rov idi n g f or the d omes t ic r e quirement s o f the plant a -
ti on communit i e s . Pr ivate s yst ems a lso s up p ly t h e Ka a napal i r e s ort
area and s upp lement the Coun ty sy s tems .
The l a r g e st p r i v a te d ome s tic wat e r sys tem i s op e rated b y Amf ac ,
I nc. t o se r ve the r e s ort develo pmen t at Kaa n a pal i and t he v i l lage
of Puukolii. Wat er i s obtained fr om Hon ok owa i Tunnel a nd i s tran s -
mitt ed t hr oug h a r e c ently i mp r ov e d sy s tem ·o f p i pelin e s , s torage
r e s ervoirs a n d fil t er u nit . To augment t h e s our c e , Amfa c i s an t i -
cipating a p r oduc t ion wel l at one o f the r e c e ntly comp lete d exp lora-
t or y h o l e s in Hon ok owai Gulch . Wit h t h e e xis t i ng l i mi t e d s upp ly o f
hi gh l e vel irr i gati on wate r , Amf ac n e ed s t o r e turn this s our c e to
Pi one er Mi l l Co. f or i r ri gati on p ur pos e s when o t he r s our c es can be
p r ovide d to s e r ve the Kaan ap a l i r e s or t .
Pub l ic Domest i c Sy s t em
The Ma u i County Boar d o f Wat e r Supp l y own s and ope ra t es f our sys -
t ems wi t hin t he La hain a Dis t ri ct .
The dome s ti c wat e r sys t em se rving La hain a t own i s t h e l a r g e st
wi thi n the di s t r i c t . Th e s y s t e m ob t ain s its s upp l y f rom surfac e
wate r ori g i nat ing in Kanaha St ream and the r e c e n t l y compl e t e d bas a l
wa ter well near La hai nalun a Hi gh Sc h ool. Wa t er f r om Kana ha Stre am
i s s hare d by the Coun t y under a thre e - part y wa t er r i gh t s f o r mu l a
wi t h La h a inaluna Hi gh Sc ho o l a n d Pi one e r Mi ll Compa ny . Th e Coun t y
i s a s sured of only 5 00 ,000 GPD under the f ormula and may purcha s e
s ur p l us wat er in e xcess o f thi s qua n t i ty fr om Pioneer Mi l l Comp a ny .
With the well, the Cou n t y i s a s sur e d o f 950 ,00 0 GPD. For the fi s -
ca l year e nd i n g J une , ! 968, the sys tem s e r v e d 967 meters with a n
ave r a ge cons umpt ion o f 61 0 ,0 00 GPD .
Th e o t h e r thre e Cou n t y sys tems , Honokowai, Al a eloa - Ka hana, a nd
Honok ohau, obta i n the ir wa t e r from a commo n s our c e , t he Honoko hau
Tunnel . This wat e r ha s been made availab l e in s uc h q ua nt i ty as may
be r e qui r e d f or t h e systems und er a n agreement with Ba ldwin Packe r s
( Now Mau i La nd & Pineapp le Co .) . The se s y s t e ms s e r v e a t o t al o f
1 9 3 met ers with a n a verage c on sumpt i on o f 174 , 000 GPD . Th e agree -
ment wi t h Mau i Pi ne t erminat e s on J a nuary 1 , 1 974 , a nd t here i s n o
c ommitment t hat i t wi l l be r enewe d . Th i s study a ssume s tha t n ew
sour ces wi l l be r e quire d to rep lace th i s surr ende red s upp ly .
Although the Lahaina Di strict has be come a ma j or t ouri st d e s ti -
na t i on area, p i neapp le and s ugar are s ti l l the two maj or indus tri e s
a nd the ne ed f or irrigating the s e c rop lands cannot be i gnored .
Prov iding addit ional s ourc e s f or t h e crop l a n d s i s n o t within the
s c ope o f this report , but bec ause o f t h e i mp or t a n c e of a gricultural
n e ed to t ot a l nee d , the to t a l r e quireme n t h a s be e n examine d h erein .
The water t hat has been p r e sent l y develo pe d i s u s e d p r imari l y f o r
i r r i gat i n g t he s uga r c ane c rop l a n d and i t s dist r ibuti on sys tem
i s s hown on Pl a t e 1 1 wi t h t h e di st ri but i on o f de v e l opme n t wat er
s umma r i z e d on Tab le 3.
--------------- _ ...._ .~ . . _.-
The deve lopment p lan evolv i ng f r om this r e port does not contem-
p late a ny c hange in u s e o f wat e r n ow being use d f or i rr i g a ti on. In
fac t, i t tak e s int o acco unt that some wat e r ( Honokoha u wat er ) may
be taken fr om dome s t i c app l i cat i on and r e turned t o the p lantat i on
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DISTRIBUTIO N OF D E VELO PED WA TER F OR SUGAR C R OPL A ND
Average
Subarea Stream, valley Average annual surface water pumping or Total
or ~~Developed **Applied basal water water a p p li e d
Symbol source (mgd) (mgd) applied (mg d)
B Mahinahina weir 25 .0 25.0
Honokowai 5 . 8 5.4
Kahoma 5. 2 5 . 2
Kanaha 1. 2 1.2
Kauaula 5 . 6 5 . 1
Launiupoko O. 7 0.7
Sub-total 43.5 42.6 48.4 91.0
C Olowalu 4.8 4. 8
Ukumehame 4.2 4. 2
S ub -t o ta l 9 . 0 9 . 0 3. 0 12 .0
';' Wa t e r di v erted at intakes except for figure given for Mah i nahina weir which represents water
divert ed from Honokohau and Honolua streams. D o e s not include 2. 6 mgd diverted from Kanaha
str eam for dome stic use .
*,;, Water delivered to fields w i t h i n the subarea. Honokowai and Kauaula sou rces supply domestic use.
Sources: l. Amfac, Incorporated.
2 . "Surfac e Wate r Records of Hawaii and other P a c i f i c Areas " .
3. "Preliminary Report on the Water Resources of the Lahaina
Di s t ri c t, Maui" - - Cir cular C5 l .
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Maui County Board of Water Supply.
Amfac, Incorporated.








Like the r e s t o f t he i sla nd s outs ide o f Oa h u , the pop ulat ion on
Maui has dec l ined duri ng the past decade s . In the Lahaina Di st r ict ,
the po p u lat ion de cl ined f r om 8 ,2 91 in 1 94 0 t o 4 , 84 4 in 1 9 60 . How-
eve r t he trend has chang e d with an incre a s e of p opulati on t o 592 7 i n
1 967.
Wi th the c omp l e tion o f s eve r a l hote l s and a golf co urse at
Kaanap a l i , t h e La haina Dis t ri c t has r e c e n tly be come a maj or t our i s t
dest inat ion a r ea . Mo te l s , h ote l s and a pa r t me n t s built a long the
s h or es nort h o f Kaanapa l i a re furt her e v i d e n ce o f act ive de ve lop -
men t in t h i s are a.
Since t h e a r r i va l o f maj or tour is t f a ci l i ti e s i n thi s a rea , t he
popu lat ion de c l ine ha s been halt ed . Addit i onal tourist f a cil i t i e s
wi l l r e quire s upport emp l oyme n t oppor t uni t ie s . Th i s wil l r e s ult
i n a po pu l at ion i n c r e a s e . Total pop u lat ion of 28, 5 00 by 1 99 0 i s
e s t i ma t e d in the lf 7 01 lf p lanning r e po r t .
LAND DEVELOPMENT PLAN
The Maui Count y Pl a nning Dep a rt me nt ha s r e cen t l y c omple t ed a
gene r a l p lan f o r the La ha i na District t h r ough the " 701" p lanning
s t udy . The Land Use Plan , a s s hown on Plate 1 3 , de l i ne a te s t h e
re c omme n de d l a nd us es f o r t h e var i ous a re a s . Thi s p l a n provi de s
the f ramework d e fi n i ng the extent o f deve lopment o f addit iona l
wat er facilitie s .
ESTIMA TED FUTURE WATE R REQUI REMENT
To fo rmulate a n d delineate p l a n s f o r the deve lopme n t of wa t er
s our ce s , a n e s t i ma t e o f futur e wate r n e e d s wou l d be r e quired .
Long-ra ng e e s t i mate s o f water r e q u i r eme n t s are difficult t o
------------ - - _...._.. . ._--_ . . .
ascertain p r e c ise ly be ca u s e o f the man y vari a ble s that have t o be
consid ere d . Th e l17 01" p l a nn ing s t udy wit h it s proj e cti on o f growt h
to 1 9 90 (ma d e by We s t e r n Mana gement Con su l t a n t , I nc . ) wa s u t i li zed
as t he bas i s f or fut ur e d omest i c wate r r e quire me n t . The l a nd u se
p lan pro v i des f or the de vel opme n t o f f i ve c ommun i t y envi ronment s
wi thin t he Lahai na Di st ric t . Th e project ion f o r t he wa t e r r e q uire -
ment was di stributed to e a ch of thes e f i ve are a s t o t h e ye a r 2000 i n
inc r eme nts o f fiv e y ear s a nd i s s h own on Tab l e 5 . A l a n d us e p l an
i s merely a gu i de t o con t r o l t he type o f de ve l opme nt wi t hin an a rea .
It does no t guarant e e that ac t ua l deve lopment wi ll f o l l ow the p lan
clo s e l y - -e ith e r with r e spe ct to physi cal c haract e r o r t imi ng .
Because of the many unce rtainties o f r e gi onal d e ve l o pme n t in i t s
ec on omi c, fi na ncial and p o l iti cal are a s , a pl a n f or wa t e r r es our c e
deve lopme nt , o r any ot he r p hy s i cal f a c i l i tie s p rogr a m, s h ou l d have
t wo c haract e r i s tic s ; ( a ) the ability to be deve l oped i ncre me n t a l l y
a s ne e d a r i s e s , a n d ( b ) the capab i l ity f or modi f i ca t i on a s ne e d s
chan g e . The a lternat i ve s o f deve lopment s e t f ort h in t h e rec ommended
progr am here i n po s s e s s t he s e ch a r a c ter i s t i c s a n d t h u s promo t e orde r l y ,
t i mel y , a n d fl e xi bl e deve l opment .
The es t imated wa t er r e quire men t f or the p op ul a ti on c ent e rs i n
the di st r i ct i s b ased on a n ave rage a nnua l un i t con s ump t i on o f 1 50
GPD with a densi t y of 4 . 0 pe r s on p e r r e side n t i al o r apar t me n t un i t .
Th e r eq u i r emen t o f 550 GP D p e r ro om f or t he h ot e l s wa s base d on t he
ave rag e annu a l consunpt i on expe r ie nced by t he hot e ls at Kaanapali .
During the dry s e a s on , with t he additi onal wa t er r e qu i r e d f or l awn
irr i gat i on , t h e uni t demand may inc r e a s e to an add i t ional 5 0 pe r -
cent o f the a v e r age demand o f 90 0 GPD per unit fo r the r e sid e n t i al -
a partment s and 82 5 GPD pe r r oom f or th e hot e l s .
Amfa c , In c . i s a nti cip a t i ng a f a st er r a te of growth f or i t s
Kaa napa l i r e sort deve lopment than i s s h own i n the e s t imate d wat e r
demand table (Tab l e 5) wh i ch i s base d on the 117 01 11 plan . I n it s
r ecen t deve lopments , the un i t demand f or the apar tment - r e siden t ial
uni t s s h ows 25 p e r c e n t greate r t ha n c o~nonly e s timat ed c on s ump t i on
rat e s . I t s e s t i ma t e o f wat e r r equire me nt f o r t h e year 1 980 i s
indicat e d in a f oo t n o t e on t he e st imat ed wat er dem a nd table and
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ESTIMATED WATER DEMAND FOR LAHAINA DISTRICT
Average Annual 1968 >:~ >:~>:~1970 1975 198a::~~:::::~ ::< 1985 1990 1995 2000
Water Service Unit Demand Consumption Demand Demand Demand Demand Demand Demand Demand
Area Water Use Unit (Gal. /Day) (mgd) (mgd) Size (mgd) Size (mgd) Size (mgd) Size (mgd) Size (mgd) Size (mgd)
Lahaina Res. -Apts, Units 600/Unit 1800 1. 08 2700 1. 62 3460 2.08 4270 2.56 5000 3.00 5600 3. 36
Hotel Rooms 550/Room 300 O. 17 500 0.28 500 0.28 500 0.28 500 0.28 500 0.28
Commercial Acres 5000/ Acre 16 0.08 21 0.11 26 o. 13 30 O. 15 30 o. 15 30 o. 15
Industrial Acres 4000/ Acre 10 0.04 15 0.06 15 0.06 15 0.06 20 0.08 20 o. 08
Public Acres 4000/ Acre 55 0.22 80 0.32 100 0.40 130 0.52 150 o. 60 150 0.60
Schools Acres 2000/ Acre 50 O. 10 80 0.16 110 0.22 130 0.26 160 O. 32 160 o. 32
Sub-Total 0.61 O. 70 1. 69 2.55 3. 17 3.83 4.43 4.79
Kaanapali Res. -Apts. Units 600/Unit 800 0.48 1200 0.72 1540 0.92 1900 1. 14 2100 1. 26 2500 1. 50
Hotel Rooms 550/Room 3150 1. 73 4000 2.20 4800 2.64 5600 3.08 6400 3.52 7000 3. 85
Commercial Acres 5000/ Acre 7 0.04 9 0.05 11 0.06 13 0.07 15 0.08 15 0.08
Industrial Acres 4000/ Acre 5 0.02 10 0.04 10 0.04 10 0.04 15 0.06 15 0.06
':~Public Acres 4000/ Acre 292 (.!.:.l1.) 292 (.!.:.l1.) 292 (.!.:.l1.) 292 (.!.:.l1.) 292 (.!.:..!1) 292 (.!.:.l1)
Sub-Total 1. 20 1. 30 2.27 3.01 3.66 4.33 4. 92 5.49
Honokowai Res. -Apts. Units 600/Unit 280 0.17 420 0.25 540 0.32 670 0.40 800 0.48 900 o. 54
Commercial Acres 5000/ Acre 3 0.02 3 0.02 4 0.02 5 0.03 5 0.03 5 0.03
Public Acres 4000/ Acre 5 0.02 5 0.02 5 0.02 5 0.02 5 0.02 5 0.02
Sub-Total 0.07 O. 10 0.21 0.29 0.36 0.45 O. 53 o. 59
Kahana Res. -Apts, Units 600/Unit 440 0.26 660 0.40 850 O. 51 1050 0.63 1250 0.75 1450 O. 87
Hotel Rooms 550/Room 250 O. 14 350 o. 19 650 0.36 900 0.50 1100 0.61 1200 o. 66
Commercial Acres 5000/Acre 1 0.01 3 0.02 4 0.02 4 0.02 4 0.02 4 0.02
Public Acres 4000/ Acre 9 0.04 9 0.04 18 0.07 18 0.07 18 0.07 18 0.07
Sub-Total 0.20 0.45 0.65 0.96 1. 22 1. 45 1. 68
Kapalua Res. -Apts. Units 600/Unit 680 0.41 1020 0.61 1310 0.79 1610 0.97 1800 1. 08 2000 1. 20
Hotel Rooms 550/Room 300 O. 17 550 0.30 1050 O. 58 1500 O. 83 1700 0.94 1900" 0.05
Commercial Acres 5000/Acre 3 0.02 4 0.02 5 0.02 7 0.04 7 0.04 7 0.04
Industrial Acres 4000/ Acre 5 0.02 5 0.02 5 0.03 5 0.02 7 0.03 7 0.03
Public Acres 4000/Acre 10 0.04 10 0.04 28 O. 11 28 0.11 28 0.11 28 0.11
Schools Acres 2000/ Acre ':~>:~O. 30 0.40 9 0.02 9 0.02 9 0.02 9 0.02 9 0.02 9 0.02
0.68 1. 01 1. 55 1. 99 2.22 2.45
TOTAL 2. 18 2.70 5.30 7.51 9. 70 11.82 13.55 14. 94
-- --
>:~Demand for irrigating public areas not included at Kaanapali.
Amfac utilizing brackish basal ground water and reclaimed water for golf course irrigation.
':~':~E stimated consumption for Kahana and Kapa.lua.
':<>:<>:~Estimate for 1970 based on present use.
>:<>:~':<>:~Amfac, Inc. estimate for 1980 is 2.76 mgd for the Lahaina area and 4. 66 for Kaanapali.
VII PROSPECTS FOR WATER DEVELOPMENT
General
Surfac e Run off
Desal inizat ion
Waste Water Re c overy
Gr ound Water
Th e Wate r Budge t

GENERAL
The primary source of a l l important water s upp l y in the Ha wai i a n
I s l a n ds i s the sea . Through the action of t he trade or Kona wind s
moving against the Hawaiian mountain ma s s es, moisture l aden air i s
l i f t e d, c ooled , condens ed and fall s i n t h e f or m of rain . Bei ng s ur -
rounded by the s e a , the primary source f or t h e i slands i s unlimited ,
but the solar e n e r gy that creates wind s and causes evaporat ion i s
an i t e m of highly va ri a ble input . Thu s, t he e n d p r oduct, r ain, i s
a high l y variable commodit y .
On ce wat er i s deli vered t o the approxi mat e are a of n e ed, t h e
prob l em be come s simply the capture o r r ecovery of the s upp ly and
i t s app l icat ion to b eneficial u se . A s o l u t ion which i s s i mp l e in
conc e p t but ext r e mel y c omp l e x i n a ppl icati on . Th e f a c t or s are many
and most of them are v a r i a b le , g i v i ng r i s e t o numerous answers
rather than one s i ng l e , fi ~it e va l ue . Thus , the ac t ual phys ic a l
system developed must be well within the e n ve l ope repre s enting the
most favorable pattern of water a vailab l e .
The ba s ic cate g orie s o f wa t e r sour c e s for the dc vclopQe n t p ro -
gram are:
a . Ra i n fa l l r unoff ( surfa ce st r eam runoff l e s s s tre a m base
f low)
b . Gro und water s upp l i e s d erived fr om the infiltration of r ain-
fa ll and surfa c e runoff i n t o the gr ound .
c . Desalinized ocean wate r .
d . Re c l a i me d waste water .
e . Any c ombi na t ion o f the aforementione d .
SURFACE RUNOFF
Dat a r e vi e we d and c o l l a ted i n thi s s t udy l e a d s t o the con c l us i on
that the d e velopme nt and uti lizati on o f sur face r un o f f i s not a
s i gn i f i c a n t sourc e o f wa t er to mee t the nee ds of t h e Lahaina Di st r ic t .
Th e r e a s ons f or th i s conc l us ion a re s i mp le :
a . Mos t o f the r ain f all r unoff and b a s e f l ow i s be ing exp loited
by intake a nd diversi onary st ruct ures . The l arger por t io n i s u sed
f or a gricultural purpo s e s whi ch will continue in effect, a l t hough
a n y i ncreas e i n tota l a gr icu ltura l u s e will n ot be s ign i f i c a n t .
b . Th e r e sidual r ainfall a n d base f low wa t er now es caping t o
the s ea i s not suffi ci ent ly large in amount t o justify t h e hi gh
cost of it s development.
The q uicke st means o f eva luat ing the ext e n t of r a i nfall r u noff
available i s to compa re the pas t d ivers i on l evel with t h e d isc harge
durati on of t h e s t re a ms in ques t ion . An e xce l len t exampl e i s p re s -
ente d by IIonok oh a u St ream , which i s th ought by s ome t o be a good
s Ub j e c t f or further s ur face wat er development.
An examinat ion o f the Hon ok oha u Duration-Di sc har g e Cur v e (Plat e
15) wi l l show f l ow t o be be low 65 MGD 95 per c ent o f the time . Th e
d i ve r s ion c apacity o f the Honok oh au t unne l and d itch approximat es
65 MGD, whi ch i s adequat e t a take c are o f the a v a ilab l e f l ow 95 per
cen t o f the t i me . The fl ow a bove 65 MGD occ ur s onl y 5 pe r c ent o f
the time , r equiring exc e s sive deve l opment in dams or i n diversion ,
tran smi s sion a n d s t o r age facili t i e s to capt ur e t he wate r .
Thi s problem i s furt her exp l a i ned b y e xam i n ing the ava ilable
mat c hing data f or s t r e a m f l ow and d ivers ion . Compar is on i n values
is s h own i n Appe ndix 2 & 3 . For 1 96 8 , 1 00 pe r cent utili za t i on o f
a l l s t re am f l ow would h a ve incre a s e d t h e Honok ohau sys t em y i e l d by
a n a ve rage o f a bou t 6 MGD. To u t i li z e the 6 MGD i t wou l d be ne c e s -
s a r y to s t or e or d i v e rt a nd store a l l t h e wa te r d e velope d above the
gag i ng s t a t ion .
To deve l op a ll t h e wa te r betwee n Novembe r 1, 1 9 67 a nd May 1 ,
1 968 , i n s t r e am s torage , would req u i r e 1 2 0 3 MG o f s torage bec a u s e
pr a ct i ca l l y a l l o f the wat e r comes i n p eak fl ow pe r i oJ s , f or exam-
p le 248 MG i n a two- day p e r i od .
St orage i n s t re a m at Hon ok oh a u wou ld b e v e r y expen sive f or t h e
fo l l owing r e a s on s :
a . I na c c e s s i b i lity of s i t e .
b . Nee d f or e xp ens i ve s p i l lway fac iliti e s f or onc e i n 5 0- year
s to r m f low.
c . Si t e working r e s t ri c t i on s .
d . Ne e d f or extens i ve and e xp e n s ive r es e r v o ir gr out i ng t o pre -
vent l e a k a g e .
The p oss i bility o f t h e de ve l opment o f ba s e fl ow wat e r d owns tream
of the Honok ohau St re am d ive r si on is placed l ow on p r ior ity o f d ev-
e l opme n t . The r e as on s a r e as f ol l ows :
a . Dat a i s l i mi t e d wi th a " be s t guess " o f 1. 8 MG D of wate r
a vai l ab l e i n to t a l .
b . The ye a rs i n whi c h b ase fl ows were ob se r ve d a pprox i mate
me dia n fl ow year s and t hes e mi ght r ep re s ent a n op t omi st i c value .
c . Part or perhap s a l l o f t h e ba s e fl ow be low t h e int a ke i s
r e quired t o meet t h e ne ed s o f t aro f arms .
d . Ext ensive transmi s si on f a c i l i t i e s wou ld b e require d to d e -
liver t o the se r v ice areas o f f ut ure need .
e . Adeq ua te power supplie s f or pumpi n g would be expen s ive to
provi de .
f . Land acq u i s it ion mi gh t be a p rob lem .
Exp ansi on of d ivers i on capaci t y wou ld a l s o b e e xpe ns i ve a nd
d i f f icu l t t o coo r d i n a te wi th t he ne e d f or conti nuing u se of the
t ransmi s sion .
The limi t ation i s e ve n more e f f e c t i ve ly il lus trat e d wh e n t he
s up p ly c ha rac t e r i s t ic o f t he y e a r 1 96 8 i s p l ac ed in t he r ela t i ve
yield pic t ure . Eva l ua tion o f 1 968 i n c ompar i s on wi th o t h e r stre ams
having s i mi l a r t rend s show s 1 96 8 t o be about the same as a me dian
monthly year conditi on . Therefore the p o t enti a lly d e velo pa ble
s up p l y fr om s ur p l us s ur f ac e s our c e s on Honok ohau would be l e s s
t h a n t he 6 MGD value s in 5 0 p e r cent o f the y e a rs .
The developab le s upp ly f or a c r i tic a l wa t er y e ar i s t h e ba s i s
of eva l ua t ion f or a domest i c s upp ly sy s tem . Th e most c r it ica l
s u pp ly year va r ie s f r om s t r e a m t o s t r e am a nd f r om gage l o cati on t o
gage l oc a t i on. 1 9 45 was a y e a r o f cri ti cal s upp ly a t t he Honokohau
gag e . Fu l l c a p t ur e o f y ie l d and app l icat i on t o u s e , a s s uming 1 00
per cen t l e vel, would h ave provide d an i n crea s e i n s u pply of ab ou t
2 MGD f or 1 94 5- - an amount hard l y just i f i ed i n vi e w o f t he deve l op -
ment c o s ts i nv olve d .
Honolua~ Honokahua ~ Kahana~ Hon okowai ~ Kahoma~ Kanaha~ a l l
l ong nar row va l l e y s in the nor t h e r n part of the di s trict-inhi bi t~
wi thi n e v a l ua t ion o f the l i mi t e d dat a availab l e ~ d emon s t rate t h e
s ame trend .
The r e s ource s o f Olowa l u and Ukume hame s t reams a re s l i gh t ly in
e xc e s s o f the n e eds of the ir i mme d i at e a r e a , t h e e ast e r n p orti on
o f the Lahaina Di s trict, b ut a re not s u f f i c i e nt ly larg e t o justify
t r a nspo r t area of futur e u s e ~ the e xc ess being only on the order
of 3 MGD pract i ca l l y a l l being peak r ainfall runoff .
Add it ion a l prob l ems mi tiga t e a ga inst the development o f addi-
tional s urfa ce wat e r . They are :
a. Wat er qua l it y prob lems in h e avy r ain period s .
b . Alga e p rob lems i n open s t or age r e s ervoirs .
No r e c ent s t udy or e va l ua t i on o f wat er source s i n We s t Ma u i h a s
e v e r s e r i ou s l y sugges te d de velopment of add i t iona l s ur f ac e wat er
t o me et f ut ure needs . Thi s s t udy r einforces t h a t p o s it ion .
DESALI NI ZATI ON
The desal inization of s e a water ho ld s l i tt l e h op e a s a s olution
t o Lahaina Distri ct wat er s upp l y p r ob lems because o f t he c o s ts i n -
volved . Effe c tiv e cost s i n d e sal ini zat ion a r e a r e sul t of max imi -
za t i on of ene r gy c on se r vat ion and l ow e n e r gy cos t s fact ors n o t likely
to be operat ion a l in the Lahaina Di s t r ict are a for s ome time t o come .
Th i s s ub je c t i s c ove r e d in more d e ta i l in the Appen dix to thi s r e -
por t .
WASTE WATER RECOVERY
Re covery 01 i ndu s t r i a l and d ome sti c liquid wa s t es , the i r treat -
ment and puri f ication have developed a n ew t e chni que f or the con-
se r vat ion , thro ugh r eus e , o f wate r r e s our c e s . Th e fir s t r e q uire me n t
f or a p rogram of t h i s kind i s a c o l lec t i on sy stem which will p ick up
the wast e material and t r a n s por t it a t a reason a b le co s t t o t he p oint
01 r eproc e s sing .
Amfac , I nc. i s n ow rec laimin g l iqui d e f f l ue n t fr om i t s dome st i c
sewage tre atment f aci litie s f or u se as irriga t i on wa st e . Regu l a r
s e c ondary treatme nt is s u f f i c i e n t i n thi s ca s e t o p roduce acc eptable
irrigati on water .
There are p lace s s u c h a s Wi ndhoek , South We st Afri c a , where t he
t e c hniq u e is much more re l ine d and the end r e sul t o f the tre atme nt
of d ome stic s ewage i s o f a po t a b le q u a l i t y wate r s up p ly .
Rec ent e xp e r i me n t a l and operational experi enc e indicat e s t hat
advanc ed phys ical-chemical treatment o f s e c on da ry t r eatment o f
l i n a l e f f l u e n t o r e ve n p rima r y c l a r i f ied was te can b e accompl i shed
t o p r odu c e p o tab l e wate r at a p p rox i mat e ly $0. 25 a nd $0.3 0 p e r 1 0 00
ga l lons r e spectively .
The type a nd cost o f wast e wat e r treatment are h i ghly varied be -
cau se of the diffus e character o f the waste waters . Th e primary
prob l em i n the adoption o f thi s t e chnique i s a p sy cho logica l one ,
dealing wi t h t he "m.lnd s e y e IT re l a ti on ship be t ween s e wag e and dr i nk -
i n g wat e r . Th e p rocess d oe s o f f e r the po ss ib i l i t y o f s ubs t i t u t i n g
r e c l a i me d water for potable qualit y water u s e d f or purpo s e s not r e -
qu i r ing potab l e s t a nd a r d .
The program could be expanded as urban growth occurs and wastes
are more easily concentrated throughout the area.
Costs to reach the potable water quality level are not competi-
tive with other development possibilities.
GROUND WATER
The final source for water development is ground water--either
basal or high level (elevated) dike water. Because of the inter-
relationship of basal and high level dike water, they will be cov-
ered jointly in the following discussion of the water budget.
Both ground water categories are potential sources of supply
for the expanding needs of Lahaina District as the water budget
discussion will disclose.
THE WATER BUDGET
The conclusions, recommendations and development plan that arise
out of this study result, in large measure, from the resources pic-
ture unfolded from the Water Budget Analysis. The llBudget ll is an
accounting of the disposition of rainfall on the lands of the
Lahaina District.
Basic data required to develop the llBudget ll is diverse and ex-
tensive. Information must include, but is not limited to, the
following major areas:
a. Amount and distribution of rainfall on the land.
b. The extent and pattern of runoff directly to the ocean.
c. The rate and extent of infiltration into the ground water
aquifers.
d. The porosity, permeability, and transmissibility of the
aquifers.
e. The degree of evaporation and vegetal transpiration.
f. The diversion, application and use of surface water.
g. The extraction and use of ground water.
h. Other parameters.
Most of these factors vary in time and in location, resulting
in infinitely complex sets of situations. Many of the factors
are inexactly known if known at all. Nonetheless the HBudget lf
is the best device for the establishment of overall order-of-
magnitude values. When assumptions used and conclusions drawn are
conservative yet leave potential to exploit existing resources to
meet needs the development program derived is meaningful, though
not necessarily specific, as will be shown later.
Since the end result of the Budget Analysis is to determine the
amount of exploitation of ground water that can take place and,
since ground water supplies can provide storage to draw from in
rain deficient periods, a median month analysis was employed in the
study. To further relate resource availability to needs, the years
were analyzed in two parts--April to October and November to March.
The Lahaina District was broken into three areas coinciding with
the U.S.G.S. subdivisions A, B, and C of their report entitled
PRELIMINARY REPORT ON THE WATER RESOURCES OF THE LAHAINA DISTRICT
and illustrated in Appendix 1.
......_--- - - - - - - - ---- ---
I n the wat er budge t eval uation, there i s a s i gn i f i c a n t differ-
en c e be t ween areas A and B . Wate r i s import ed to 2rea B ~r om area
A.
Me chan i c s o f the "Budg e t" :
The "Budget" i s a v a r i ab le i t self in tha t it may be e v a l u a t e d
f or a dry p e ri od , a we t peri od, a me di an wa te r ye a r , an a ve r a g e
wate r ye a r or a numb e r o f the a l t e r n a t i v e s .
Plat e No . 1 7 i s a s umma ry comp i lati on fo r the water b udg e t for
each of the s u b d i v is i ons . Th e water b udge t i s de ve lope d a s f ollows :
a . The rainfall f or two rainfall pe r iods , Apr i l through Octobe r
and Nov embe r t h r ough March, i s developed fr om the is ohyetal map a s
a summat ion o f month l y median rainfa l l fo r the a r e a s a bove and b e -
l ow t h e approx imat e lin e dividi ng b a s al wa ter from h i gh le v e l d ike
water .
b . The e v a p o-trans piration f or both upper and l ower a re as i s
comput ed .
c . The evapo-transpi r ation va l ue s are subtracted f rom the gr o s s
r ainfall value s to g ive a n e t e f f e ctive rainfal l fi gur e.
d. From s t r e a m gag i ng r ecord s or correlation s o f s t r e am gag I ng ,
a v a l ue fo r the amount of runoff t o the s e a i s ca lcu lated .
e . Th e amount of s ur f a c e wat e r divert ed fr om t he bas i n i s taken
fr om records and added to the direct -t o - sea runoff .
f. The s um of d i r e ct run off to t h e s e a a n d out - of -bas i n d i v e r-
s i on i s deducted f r om the e ffe ct ive r ain f a ll, l e aving a value c a l l e d
" na t ur a l r ainfal l surp l u s " .
g . Th e water di r ected t o consumptive use or divert ed out -of-
bas i n i s d educt ed fr om t h e ltna tura l rainfall surplu s lt , l eaving a
valu e c a l l e d lt s ur p l u s gr oun d wa t er f lux lt , whic h i s t h e net amount
o f wate r availab l e to r e c harge t h e aqui f er f o r t he s ub -area under
l e ve l basa l wat e r r e c harge. )
Ar e a A:
Re fe r e n c e to Pla t e 17 wil l show t hat the s urplus wat e r a v a ila bl e
f or r ec h a r g e o f d e p l et e d ground wat e r a q u i f e r s a verage s 1 2 MGD dur -
i n g a median mon th ye a r s i t u at ion f or the u p p e r port i on o f Ar e a A.
Th e same t a b l e s how s that the surp l us ava i lab le f or basal g round
wate r rechar g e f or Ar e a A l ower port ion tota l s 1 7 MGD on the average
month . Th e s um tota l o f wate r a v a i l ab le f or the recha r g e o f the
g round water a quifer s of Area A is approximate l y 29 MGD .
The e nt i r e 29 MGD c a n n ot b e taken f or u s e in th e La hain a Di st ri c t .
Th e r e a s ons f or th is a re two - fo l d . Firs t, th i s figu re i s based on a
med i an mont h ly val ue , wh ic h means i n effec t that 50 per cent o f the
time the amou n t o f wa t e r goin g t o ground wa t e r r e charg e wou l d be l e s s
than t h e 29 MGD. Li mi t ed correla t i v e s t ud i e s ( b a s e d on da t a ava i l-
ab le) indicat e that the gr oun d wa t er cont r i bu t ion during a d r y
weat her cyc le wou l d be o f a n order o f ma gnitud e o f o n e - t h i r d the
med ian y e a r value . Second ly , a l arg e p orti on o f the fl ow t o g r ound
wate r is re quired me r e l y t o maint ain t h e fr e s h wate r i n t e gr i t y
o f t he basal wat e r l en s . Thi s r eport identi fi e s this quant ity o f
wate r as the II wa t e r b a l a n c e fl ow. 1I Where l arg e q uant ities o f wat e r
a r e mi gr ating f r om t h e mountain area s to the s e a c oas t via ground
wat er pa s s a ges, r e si stance t o the higher fl ow value s t end s t o
r ai s e t he l e n s l evel (the u l timat e in thi s a pp l icat ion i s a c ap -
ro ck tha t t ot a ll y re s t r ict s f low ). Wh e r e t h i s c on d i ti on pr evai l s ,
a h i gher qualit y wa t e r c a n b e obtained f r om the basal s upp ly . I n
ot h e r word s , t he qua l i t y o f wate r obt a i n a b le fr om t h e ba s a l l en s i s
a function of hydrauli c gradient , and more so when the unde r ground
c on d i t i ons are conducive t o a more rap id fl ow- t h r ough rat e in t h e
g r oun d wate r re s ervoir .
Area B:
Th e same ba s ic a pproa c h has be e n applied t o Ar e a B by p e rsonn e l
o f Amfac . These evaluations d iffer f r om that a pp l ied t o Ar ea A,
on l y i n that additional c omplex i t i e s are introduc ed b y the import
o f wat er into the low l evel o f Ar ea B f rom Area A; which is re -
qu i red by Ar ea B ' s net de f ic i en c y o f wate r to meet consumpt ive re -
quiren'ent s . Even during t he wi nte r peri od , Nov ember t hr ough Mar c h ,
t he g ro ss consumpti'-2 r e qu i r eme n t s of evapo-transp iration of the
l owe r po r t ion of Ar ea B e xceed the wa te r dropping on t h e area i n
t he f orm of rain .
Taking i n t o a c c ount import t o the area , e x t r ac t i on o f wat er from
t h e ba s a l aqu i fer , the infil trat i on of imp orted wat er a nd reinfil-
t ration of pumped basal wate r , the net c on s ump t i v e lo s s e s r elat ed
t o d omesti c a n d i n du s t r i a l u s e s , a s ur p l u s o f ab out 35 MGD f or
Area B is obtained . As pointed out , a substant i a l portion of this
water wou ld not be available fo r exp l oitat ion because of the re -
qu i reme nt t o ma i n ta i n t h e groun d wate r q ua l i t y b a l anc e f l ow .
Ar e a C:
Becau s e of dat a l i mit ation, Are a C i s l e ss s us c e p t i b le t o ana ly -
si s tha n Ar e a s A or B. Da t a i s s u f f icient t o p r ov i de ad equa te
orde r - o f -magnitude value s on which scope and p r iorit y o f wate r dev-
e l opment can be ba se d .
Again working f rom a monthly med ian r a i n f all bas is , we f i n d t ota l
annual resour c e s to appro x i mate 40 MGD. Evap o- transpi r a t i on o f
natural cover and a gr i cultural n e eds to tal ab ou t 22 MG D.
About 9 MGD is r e quire d fr om s t r e a m dive r s ion o f upp er a rea r un-
off t o s upp leme n t deficient resources f or the l ower area . The e x -
i sting d ive rs ionar y f a ciliti e s r ep resent the pro ba ble limi t of e c o -
nomic r ainfall a n d ba s e flow r uno f f developmen t .
The residual surplu s gr oun d and surfa c e wat er o f approximatel y
6 MGD f or a medi an y e a r cond it ion wou l d be s ubs tant ial l y r e du c ed
i n c r i t i c a l wat e r year s to v e r y low l e v e l s and would b e e s sential
as a gro un d wate r r e c harg e component to maintain the aq u i f e r wate r
quali t y balanc e.
Minimum r e c orded fl ows for Olowa l u and Ukume h ame divi sion are
sub stantially 3 MGD be low t he ave rage di versi on 9 MGD whi ch r e pre s ent s
the no rmal need .
Exa minati on of chlor ide cont ent o f wate r deve l opment s h a f t i n
Are a C wi l l s how the c h lo r i de concent rat ion mark e d l y r e s p onsiv e to
shaft water l evel and t hus hi ghly dep e n dent on gr oun d wa t er re charge.
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OTHER PACIF IC AREAS"
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FLOW DA TA - MAJOR STREAMS IN LAHAINA DISTRICT
Altitud es Draina ge A v erag e
of ar e a ab ove Annual Discharge (M G D)
d iv e rsi on intak e R ainfall A v erag e flow A v era ge
Stream (ft. ) (sq . mi.) (MGD) (estimated) diverted
H ono k ohau 870 4 .3 49.8 30 25.0
H onolua 870 1. 8 11. 8 5 2. 8
Honokowai 8 5.8
Amalu 1 , 58 0 1.0 8 . 6
Kapaloa 1, 550 1. 1 12.2
Kahoma 1, 930 1.5 14.4 7 5 . 2
Ka n a h a 1 , 140 1. 6 7 .5 5 2. 6
Kauaula 1,530 1. 9 9. 1 7 5 . 6
Launiupok o 1,280 1.2 3.7 1 O. 7
Olo wa lu 540 3 . 4 32.0 6 4 .8
Ukurn e harn e 240 4.1 19. 2 6 4.2
Total (r o u nd e d) 22 1 68 75 57
Source: 1. "Report on the Water R e s o u r c e s of the Lahaina District, Maui" - -
Circular C51.
Z. Amfac, Incorporated.
3. "Surfac e Water R ecords o f Hawaii and other Pacific Ar ea s".

SUBAREA "AII
HIGH GROSS EVAPOTRANS- NET EFF. NATURAL GROUND TORUNOFF RAINFALL WATER CON- SURPLUSLEVEL RAINFALL PIRATION RAINFALL SURPLUS SUMPTIVE USE
APR.- OCI 13.600 3.800 9.800 ~IOO 2,700
NO'/. - MAR. 11.100 1.300 9,900 6,900 3,000
TOTALS 24,700 5.100 19.700 14.000 5.700
M.G.D. 68 14 54 38 16 4 12
BASAL
APR. - OCT: 10,500 6,200 4,300 400 3,900
NO'/. - MAR. 9.100 6.400 2.600 300 2,300
TOTALS 19.600 12,600 6,900 700 6,200
M.G.D. 54 35 19 2 17 17
NOTE: RUNOFF FOR BASAL AREA IS ASSUMED TO BE 10% OF NET EFFECTIVE RAINFALL.
SUBAREA lIe ll
APR.- OCI 7000 2.000
NOV. - MAR. 7,700 3,600
TOTALS 14,700 5,600
M.G.D. 40 22(2) 15 9(1) 6 6
NOTE: I. FLOOD RUNOFF DEVELOPED FOR CONSUMPTIVE USE OF SUGAR CROPLAND.
2.INCLUDE 9m.g.d. FOR CONSUMPTIVE USE OF SUGAR CROPLAND.
SUBAREA "A"
NET EFFECTIVE RAINFALL =73 m.g.d.
SUBAREA liS"
NET EFFECTIVE RAINFALL =70 m.g.d.
IMPORTED = 24 m.g.d.











NOTE: SUBAREA " B" WATER BUDGET DATA
OBTAINED FROM AMFAC INC.
SUBAREA lIe ll
NET EFFECTIVE RAINFALL = 15 m.g.d.
SURPLUS
6m.g.d.





VI I I WATER RIGHTS
Kanaha St ream
Hon ok ohau Tu nnel

KA NAHA STREAM
Th e Stat e o f Hawai i ( t h e n Territory o f Hawai i ) and Pion e e r
Mill Comp a ny e n t e re d i n t o an a g reement in Oct ober , 1 90 4, fo r t h e
u s e o f the wat e r f r om Kana h a St r e a m. Unde r t h e agre eme n t , Lahai -
naluna Hi g h Sc hoo l wou l d have con t i nuo us an d un int e r rupte d u s e
of t h e wat e r f or a p e ri od of f our and one -ha l f ( 4- 1/2 ) h our s e a c h
day. Pi on e e r Mill Compa n y an d ku l eana own e r s be l ow t h e s c h oo l
t h e n wou ld h a ve u s e o f t he wat er dur i ng the remainder o f the day .
I n J u l y , 1 906 , and mod ified in J u l y , 1 912, Pi onee r Mi l l Com-
pany , f or a p u r c has e p r i ce o f $30 ,000 , con vey e d t o t h e Te r r it or y
and i t s p o l i t ical s ubd i v i s ion , t he Co unt y o f Mau i , p erpetual r i ghts
t o 500 , 00 0 GPD fr om Kanah a St r eam. Th e Coun t y , by a sep a r a t e
a gr e e ment, may a lso pur c h a se wate r in e xc e s s o f th e all o cat ed
5 00 , 000 gal l on s daily a t a r at e o f $0 .0 5 per t hous a n d ga l lons
f r om Pionee r Mi l l Company . Pi one e r Mi l l Comp any has u s e o f t h e
r e main der of t he wate r a ft e r r e quire me n t s o f t he s c hoo l a nd Cou n ty
are sat i s f i e d . Th e ma i ntenanc e o f t h e f a cili t i e s i s s h a re d by
t h r e e p a r ti e s .
HONOKOHAU TUNNEL
Bl a d wi n Packers (Mau i La n d & Pi neapp l e Co . ) e n te r ed int o a n
a gr eemen t wi th t he Ma u i County Wa t e rworks Board , e f f e c t i ve J anuary
1, 1 954 , f or t we n t y yea rs , f or t he d e l i ve r y o f po t ab l e wa t er to
t h e Hono k ohau Va l ley p i p e l i n e , t he Al a eloa wa t e r s yst e m, a n d t h e
Honok owa i wate r s ys t em , f o r $50 .00 p e r mi l l ion g a l l on s . This agre e -
men t may be t ermina t ed at the e nd o f an y ca l enda r y e a r b y n o tice
i n wr it ing g ive n by the part y s o des i ri ng to t ermina t e t o the
o t her not l e s s tha n three mont h s p r ior t o d a t e o f t he de s ired
t e rminat ion .
Ba l dwin Packers al s o e n t e r e d i n t o a n a gr e ement wi t h Pi one e r
Mi l l Comp a ny , Ltd . , e f f ec t i v e J une 1 , 1 96 0 , f o r twent y ye a rs a n d
s e ve n mont h s a nd f or s u ch further pe r i o d a s Pi on e e r Mi ll cont i nues
to cultivate cane a s Le s s ee o f Ba l dwi n Pa cke rs , t o se l l a p or-
t i on o f t h e fl ow from the Hon ok oh au Di t c h Sy s t em a s s tipu l ate d
be l ow :
Th e qu a n t i t y o f water so ld s ha l l be in e xcess
o f the f l ow n e c e s sary t o s a t i s fy t h e wate r r i g h t s
o f ot he r s , wat e r de l ive r ie s t o t h e Coun t y o f Maui
a n d the Ka a n a pali Beach Re s or t Deve l opment, or o t h e r
s u c h hi gh e r a n d bet t e r wat er u s a ge, p o s s ib l e d e l ive r y
o f wat e r t o t h e canne r y o f Ba l dwi n Pa cke rs , a n d ot he r
ne eds o f Ba l dwi n Packer s not e xc e e d i ng t wo ( 2) mi l l i on
ga l l on s i n a s i ngle c a len da r day , in add i t i on t o said
c a nnery n e eds.
I X WATER DEVELOPMENT PLAN
Genera l
Development Plan
Stage d Devel opment

GENERAL
To make poss i b le the pot e nt i al growth of the Lahaina Dis t r ic t ,
n e w sour c es o f wa ter t o a ugment t h e p r e sent s upp l i e s wil l be n ec -
es s a ry .
As d iscus se d e a r l ie r , un d e velop e d ground water , a lthough l i m-
i t ed i n qu a nt ity , awaits deve lopment and would be the most prac -
ti c a l source of wat er . It i s necess a ry t hen t o f ormul a t e a pl a n
t o bes t de velop the s e sour ces an d tra n s f er t h e m t o t h e se r v i ce
are a s .
I n s t u dy i ng the vari ous mean s whe reb y these gro und wate rs c ould
be s u c c e s s f u l ly developed , several a lt e rnat ive s were con sidered .
Di s cu s s ed br ie f ly a re t he a lt e r nat ives cons ide re d :
Ve r ti cal Well s
Th i s sc heme cons is ts o f p rov id i ng v e rt ica l we l ls to the ba-
sa l l e n s o r i n t o t h e d ike compartments . Th e wat er then i s brought
to the s u r f ace wit h deepwe l l turbine- t y p e pumps .
Maui - Ty p e We l ls
Maui - t yp e we l l i s a name a p p l i e d t o a mine-l i k e shaft t o t h e
basa l wate r l e n s with o ne o r more i n f il t r a t i on t unne l s sk i mmi ng
the fresh wate r . As with the vert ical well s , wat er has t o b e
brought to the s ur f a c e by pumping .
Lan a i -Typ e Well s
The princ i ple of t he Lana i- t ype we ll is t o d e ve l op hi g h leve l
g roun d wa t e r f r om behi nd f a ul t s and d ike bar r ie r s , e ithe r by shafts
and tunne l s o r by dri l l ed wells , o r by a com bina tion o f t hem .
Again pumping i s requi red f o r thi s a lternative .
Water Development Tunnel
High l e vel groun d wate r can al s o b e de ve l op e d b y d r iving hor i -
z ontal t u nn e l s int o t he d ike st ruct ure s . The wat er deve l ope d the n
wou l d be de l i ve re d t o t he tunnel portal by gravity ~ thu s e l i mi n a t i ng
any pumping .
DEVELOPMENT PLAN
Aft er eva l uating the above alt e rnat i ve s~ i t i s r ec ommended
that vert i c a l we ll s be the choic e for the de v e l opment of addi -
ti onal wate r f or t h e Lahaina Distri ct . Th e development tunnel
alt ernative would be the e c on omi c c ho i ce in te r ms o f annual cost
f or the cons t r u ct i o n , maint enanc e and ope rat i on if full u tilization
of u l tima t e s upp l y we re poss ib l e . Thi s i s n o t c ompat ib l e with
t he proj ected gr owth p a t t e r n o f d emands . Th e unc ert ain t y o f t h e
pot e n t i al y ie l d fr om the s ou r c e a nd the ra t e o f g r owth o f t h e
area miti gate a gainst r e c ommending maj or d evelopmen t wi t h a tunne l.
Vertical wells can be d eveloped in s t ages a s the d eman d ari se s
in ea c h of t he service areas .
Two recomme n ded plans fo r the development of the g r ound wa -
t er s u pp l i e s are shown . One of the plan s p ro p o s es devel opment
of h i gh l evel gro un d wat er a nd t he othe r plan prop o s e s d eve l opmen t
o f ba s a l wa te r . If f ound s u c c ess f u l , t he hi g h l evel gro un d wate r
would be t he mor e f a v ora bl e . I t wi l l p roduce a bett e r q ua lity
of wat e r and wou ld s a ve on pump ing c o st s ~ an d t he wa t e r wou ld
n e v e r go br a c k i sh n o matte r h ow heav i l y t he we l l i s p umped .
Amfac ~ Inc . has r ecently comp l eted e xp lo r ing t he Hon okowai
Gu l c h , a n d d ike wa t er ha s been f ou nd i n a numb er o f t h e e xp l o r a -
to ry ho les at vari ou s e l e va t i on s . Wi t h a gr owi ng d ome s t ic dema n d
- --- -~--- -- - - ----- . _---_.__._ - -
f or i ts r e s ort a rea , Amfac , I n c. i s ant ic ipat i ng de velopment o f
a p r oduct i on wel l at on e of the ir t e st h o le s i tes . Wat e r f r om
thi s we l l would be pumped i n t o the Hon okowai Tunne l and t r a n smi t -
te d through the i r sys t e m. It wa s i nd i c a t e d that when and i f othe r
sources cou ld be made ava i lab le f or i t s Kaanapa l i r e s ort deve lop-
ment , this system will be turn e d ove r to Pionee r Mi l l Comp a n y f or
i r r i ga tion u s e .
The Stat e i s p l anni ng to exp l or e f or high l e vel d ike water in
Kan aha St re am above Laha i naluna Hi gh Schoo l a n d i n t he northe rn
part o f t he d i st r i ct in Honolua a nd Hon okahua s t r eams . The ant i -
c ipate d inc r e a s e in the futur e wat e r ne eds o f the La ha i n a District
would be mad e b y the s t a g e deve l opment o f the well s i n Honokowai
Gul ch a n d in the a r e as i n which the State plan s t o explore .
As shown on t he s upp ly - d ema n d r e l a ti on s h i p f or the f our serv-
i c e areas (P l ate s 2 0 to 2 7 ) , t he demand wou ld be me t by u t ilizin g
the ex is t ing Laha ina source , t he p ropo sed we l ls at Honok owai Gu lch
r ec ent ly e xplor e d by Amf a c , Inc . , a nd t h e de v e l opme n t o f the var-
i ou s wells whe r e t h e St a t e i s planning to explo r e f or h i gh level
dike wat e r .
Present l y the Mau i Boa rd o f Wat e r Supp l y ha s a n a gre eme nt to
purc hase wa t e r from Ma u i Land & Pi ne app l e Company a s r e quired f o r
dome stic u s e to s e r v e Honokowai , Al a e l oa -K a h a na and Honokohau sys -
t e ms . Thi s a gre ement e xp i r es i n 1974 but in arr i ving at t hi s devel op -
ment plan it i s a s s umed t h a t t h e a gre eme nt may n o t be r e n e wed .
Un t i l pumping t e st s are mad e , t he y i e l d fr om t h e p r opos e d we l l s
wou ld be unc e rtai n , bu t i t i s be l i e ve d t hat ade qua t e quantities
o f potab le wate r a re a va i l able t o insur e a c ontinue d growt h f or
t he a r e a a n d wi l l b e a b l e to meet the ant ic ipate d ave rage annua l
demand t o the ye a r 2000 . Fo r f ur t her growth o f the a re a , add i -
t ional s our c es mu s t be d e velope d f r om e i t h e r Hon okohau Vall e y or
beyon d .
The s upp ly to the se r v i c e are a s wou ld be limited t o the y i e l d
fr om the s e sourc e s and t he faciliti e s p ro v i de d under t hi s de ve l -
opmen t plan are b a s ed on the estima t ed y ie l d from e ac h o f t he s e
s ource s .
As p r e v ious ly me ntioned, Amfa c , Inc. p r e sent l y ope r a tes i t s
own wat er sy s tem f o r it s r e s o r t d e v e l opment . Th i s deve l opment p lan
i s base d on t he event ua l cons o l i dat ion o f the publi c and pri vat e
d ome s t i c wa te r sy stems i nt o one int e gra t ed sys tem f or the t rans -
mi s s i on , s to r age a n d dis t r ibu t ion o f the wat e r to the se rvice a r e as .
Fac i l itie s Cr i te r ia
Ant ic ipate d water r e quire me n t s f or t h e Lahaina Di st r i ct area
s ho u l d be met by a s t age d developme n t o f wells al ong wit h the con-
s t r uc t ion of nec e s sar y transmission and s t or a ge faci litie s.
The wa t er devel oped fr om the wel l s wou ld be brough t t o t h e s ur fac e
by de epwel l t u r bin e pumps a n d tran smit t ed thro ugh t he l i ne s i n t o
con cre te s t or a ge tank s . Th e pump s wou ld n o t be operating c onti nuou s l y
t hrough ou t the d a y and s h ou l d be sized , t oget he r wit h the transmis sion
faci liti e s , t o p r ov i de f or peak daily d e mands o f 1 . 5 t i mes t h e
a vera g e da i ly demand . The p umps wou ld be c ont ro lled b y t h e wate r
l eve l co n t rols with in the stor age t a nk s , s h u t t i ng t he pumps o f f
a t t he ful l p osit ion of the r ese r v oir and s t a r ting them as r e q u ire d
wi t h drop in r e s ervoir l evel.
Th e s t or age f a c ili t i e s t o be provide d wou ld se rve a s a fire
r eserve a n d a l so a s a d ome s ti c r e s erve dur i ng unu sual heavy draft
o r other eme rgenc ie s s u c h as p ower failur e a nd break in mains .
The r equ i rement or cr i t eri a f or fi r e demand and r e s erve i s dete rmined
in pa r t by the Fire Rating Burea u f or whi ch a n y d e ve l opment ' s i n-
s ur a nc e i s s e t by t he e x t e n t o f fire protection p r ovide d fo r the
devel opment . Th e r e quirement f or fire fi g htin g capac it y i s ba s ed
on many fa c t or s s u c h a s wate r s our c e , fire fi ghtin g e q u i pme n t ,
s i z e o f de v e lopme n t, and t yp e of deve lopment .
The c r ite r i a f or fire r e s erve wa s based on p opulati on to be
se r v e d f or a r e side n ti a l d e velopment a s rec ommended by the Nat i on -
a l Board o f Fi re Unde rw ri t e r s with a minimum r e serve of 1 . 8 mil -
lion ga l l ons for resort - r es ide n t i a l d evel opment. For a l arge devel -
opme n t , it wou ld be unusua l f o r the max i mum dr a ft t o coinc ide wi th
a se r i ous fire . Therefore , t he s torage tank s a r e s i ze d on the
bas is of f i r e de ma nd during a v e r a g e do me s ti c dema n d wi th th e sour c es
pro v i d i n g f or peak f l ow.
STAG ED DEVELO PMENT
The s ource s , t ogether wi t h t h e t r a nsmis s ion a nd st o r age f a c-
i l i t i e s , wou l d be de ve l ope d in s tag es a s the d emand r e q uire s. As
prev i ously me ntione d , p r ior to d e v e lop ing t h e s ource s , e ac h o f
the areas wou l d have t o be investi ga t ed a n d e xp l ore d b y t e s t well s .
The fi nal p lan se l e c ted con s i sts o f the de ve l opment o f ei t he r h i g h
l evel gr ou n d wa te r o r ba s a l wat e r i n s tages , a s f oll ows :
Hi gh Le ve l Gro und Wate r
Stage I : Thi s s t age s t a r t s op e rat i ng in or a b out 1 971 a nd c ons is ts
of t he f o llowing e l eme nts to provi de fo r Lahai na se r v i c e a rea .
a . Kanaha Well No. 1 at El e vation 1 00 0 with 1 .5 MGD pump .
b . 1, 00 0 f e e t of 1 2- i n ch diame t e r c a st i r on conne c t ing pipe -
line .
c . One 0 .5 MG tank .
St a ge II : Th i s s t a ge s t a r t s op e rat i ng in or a bout 1972 a n d
cons i st s of the f oll owi ng e l eme nts to p r ovi de f or Kaanapal i s e r v -
i c e a rea .
a . Honokowai Wel l T- 6 at Ele vation 8 00 with 1 .5 0 MGD pump .
b . 5 , 000 fe et of 12-inc h and 7, 5 00 f e e t o f 1 6-inch di amete r
cas t i r on conn e cting pipeline.
Stage II I : Th i s s t age s t a r t s ope rating in or about 1 97 3 a nd
c on s ist s of the f ol l owing e leme nt s t o provi de f or Honokowai , Ka ha n a
and Kapalua se r v i ce areas .
a . Honoka h ua Wel ls No . 1 a nd No .2 at Elevat i on s 1 2 00 and
1 400 wi t h 1 . 80 MGD pump s .
b . 1, 500 f e et o f 8-inch , 5 ,000 f e e t of 10 - inch , 6 , 000 f e e t
o f 1 2-inch and 9 ,000 f e e t o f 1 6-inch d iame t er cast iron c on nec ting
pipe line .
c . One 2 .0 MG t a nk .
Stage I V: Th i s s t a ge s t a r t s op e rat i n g in or a b out 197 4 and
cons is ts o f t he f o llowing e l e me n t s to provide f or Ka anapa li se r v i ce
ar e a .
a. Hon okowa i We ll 6- A a t El e va tion 1 , 00 0 wi t h 1 . 50 MGD pump .
b . 2 , 000 f e et o f 1 0-inc h d iameter cast i r on c onnecting p ipe -
line .
St a ge V: Th i s s t age s tart s ope ra t i ng i n or ab out 1 97 6 and con -
s i s t s o f t he f ol l owing element s t o p rovide f or Lahai na and Kaa -
napal i s e r v ice areas .
a. Kanaha Wel l No.2 at Elevat ion 1 200 wit h 1 . 50 MGD p ump .
b . Honok owa i Well T- 7 a t El e v a ti on 1 200 wi t h 1 . 50 MGD pump .
c . 7 ,000 f e e t o f 8-inch diameter cast iron c onnect i ng pip e -
l ine .
d. One 0 . 5 MG tank f or Lahain a servic e a re a .
Stag e VI : Thi s stag e s t a r ts ope r at i ng i n or ab out 1 9 80 and
cons is ts of the f ollowing e lemen ts t o prov ide f or La hai na a n d Ka-




Hon ok owa i Basa l We l l No.1 at El evati on 67 0 with 2 . 25 MGD
6 ,00 0 f e e t o f 8- i nc h di ame t e r c a st iron c onnecting p i pe -
l ine fr om the Honokowa i s our c e f or Lahai na s e r vi ce a r e a .
Stag e VI I : Thi s s t a ge s t ar ts o pe r a t i ng in or a bout 1 9 82 and
c on s is ts of the f ollowing e l ements to p rov i de f or Honokowai , Kahana
a n d Kapa l ua s e r v i ce are a s .
a . Honolua Wel l No . 1 a t El evation 1 25 0 with 1 . 80 MGD p ump .
b . 11 , 50 0 f e e t o f 1 2-in c h di ame t e r cast iron connect ing p ipe -
l i n e .
St a ge VI II : This sta ge s t a r t s op e r at i ng in or a bout 1 987 and
cons is t s o f t he f ol l owing e l e me nt s to prov ide f or Lahaina se r v -
ic e a r ea .
- - - - - - ----_.. _------
a . Ka naha Ba sal We l l a t El evat ion 7 00 with 2 .00 MGD pump .
St age I X: Th is st age s tar t s ope rat i ng i n or ab out 1 98 8 and
c on s i s t s o f the f ollowing eleme n ts to provi de for Kaana pa l i s e r v i ce
are a.
a . Honokowai Bas a l Wel l No.2 at El evati on 7 00 with 2 . 25 MGD
pump .
b. 3 ,000 f e e t o f 1 0-inc h di ame t e r cas t i r on conne c t ing p ipe -
line.
Stage X: Thi s s t a ge s t a r t s operat i ng i n or a b out 1 989 and c on -
s is ts o f t he f ollowing e lemen ts to p r ovide f or Hon okowai , Kahana
a n d Ka pa lua se r v i ce areas .
a . Honolua We ll No . 2 a t El e va t i on 14 00 with 1. 75 MGD p ump .
b. 2 , 0 00 f e et of 8- inch diamet er cas t i r on c onnecting p ip e -
l ine.
Ba s a l Wa te r
Stage I: Thi s s tage st a r t s op e rat ing in o r a b out 19 71 and c on-
s is t s of the f ollowing e lemen ts to pro v i de f or Lahaina s erv ic e a r e a .
a. Ka n a h a Well ~o. 1 a t Elevat i on 70 0 with 1. 5 0 MGD pump.
b . 6 , 00 0 f e e t o f 12-i nc h d iamet er cast i ron con nec ting p ipe-
line.
c . One 0 .5 MG t ank .
Stage I I: Th i s st age s t a r t s ope ra t i ng i n or abou t 1 9 72 a nd
con s i s t s o f the f ollowing e l eme n ts to provi de for Ka a na pali s e r v -
ice a re a .
a . Honokowai Wel l No . 1 at Eleva t i on 700 with 2 .25 MGD pump .
b . 2 ,000 f e et o f 8- i n ch a nd 4, 000 f e e t o f 1 6- i nch diameter
c as t iron conne c t i n g pi pe l ine .
St a ge III: Thi s s tage star t s op e r a t ing in or abou t 1 973 a n d
c onsi st s o f the fo l l owing e lement s t o p r ovide f or Hon okowa i, Ka-
hana and Kapa lua s e r v i ce areas .
a. Honokahua Well s No. 1 and 2 and El e vati ons 90 0 and 1, 00 0
wit h 1. 80 MGD pump s.
b . 2 , 000 f e e t of 10-inch , 1 , 50 0 f e e t o f 12- i n c h and 9 ,000
f e e t of 16-inc h d iameter cast i ron conne ct ing pip e l i ne .
c. One 2 . 0 MG t a n k.
Stage IV : Th i s s tage sta rts op e rating i n o r ab out 1 97 4 and
consi st s o f t he f ollowi ng e lement s to pro vide f or Kaanapali s e rv -
ice are a .
a . Honok owai Wel l No. 2 at El evation 700 with 2 .25 MGD pump .
b . 2 ,00 0 fe e t o f 8- i nch and 2 , 500 f e et o f 14 -inch d iamete r
cas t i r on connect ing pipe line .
Stage V: Thi s stage start s ope rat ing in or about 1 97 6 and consist s
of the fo llowi ng eleme nt s t o provide f or Lahaina se r v i ce area .
a . Kanaha We l l No . 2 at Elevation 95 0 with 1. 50 MGD p ump .
b. 4, 00 0 f e et of 8- i n ch d i amete r ca s t iron c on necting pipe-
l i ne.
c . One 0 . 5 MG tank .
St a ge VI: Thi s st a g e star t s op e r a t i ng in o r ab out 1 980 an d
c ons i st s o f the f ol l owing e l eme nt s to provide for La haina a nd Ka-
anapal i s e rvi ce area s .
a . Honokowai We ll No . 3 at Elevati on 700 wi th 2 .25 MGD pump .
b . 3 ,00 0 f e e t o f 1 2-i n c h d iamete r cast iron c onnecting pipe -
l i ne.
c . 6 ,0 00 f e e t of 8- i nc h d iamete r cast iron connect ing pip e -
l i n e fr om the Honokowai source fo r Lahaina se rvic e area .
Stage VI I : Th is s t a g e s t a r t s op e r a t i ng i n or ab out 1 982 a nd
c ons is t s o f the fo l lowi ng e lements to p rovide f or Honokowa i , Ka -
hana a nd Kap a l ua se rvic e a reas .
a . Honolua Well No . 1 a t El e va ti on 90 0 wi t h 1 . 80 MGD p ump .
b . 2 , 5 00 feet of 1 0-inch and 6 ,000 f eet o f 12-inc h diamet e r
cast iron connecting pip eline .
St age VI I I : Thi s s tage st a r ts opera t ing in or a bout 1 987 and
cons is ts o f t he f ollowing e lements to p rovide f or Lahaina se r v -
i c e a rea .
a . Kanaha Wel l No . 3 at Elevation 7 20 with 2 . 00 MGD pump .
b . 2 , 000 feet o f 12-inch d iamet e r cast iron connec t ing pipe -
l i n e .
St age I X: Thi s stage star ts operat ing in o r about 1 988 a n d
cons i s ts o f the f ollowing eleme nts to p rovide f or Ka ana pal i s e r v -
i c e a re a .
a. Honok owai Well No . 4 at Eleva t i on 730 with 2 .25 MGD pump .
b . 2 ,5 00 f e e t of 12-inch diame t er cas t iron connec t ing pipe -
l ine.
Stag e X: Th is s t age s tarts oper a t i ng i n or about 1 9 89 a nd cons is ts
of the f oll owin g e l ement s to p rovide f or Hon ok owai , Kah ana and
Kapalua s e rv i ce are a s .
a . Hono lua Wel l No . 2 at El e va ti on 1 000 with 1 . 75 MGD pump .
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ESTIMATED COST FOR THE DEVELOPME NT





One well wi t h a 1. 5 0
MGD pump
One 0 . 5 MG tank
10, 00 0 f e e t o f 12 - inch
di ameter c a s t iron pipe
To t al Estimat ed Cost
f o r St age I
$ 4 00 ,0 00
1 4 0 , 000
2 40 ,000




One well wi t h a 1. 5 0
MGD pump
5 , 00 0 feet o f 1 2- i n c h
and 7 ,5 00 fe e t o f
16-i n c h d iameter cast
iron p ipe s
To t al Est imated Cost
f o r St age I I
$4 40 , 000






Two well s with two 1. 80
MG D p umps
One 2 . 0 MG tank
1,500 f e e t of 8- i n c h ,
5,000 f e e t o f 10- i n c h,
6, 000 f e e t of 1 2-inch
and 9 , 00 0 feet o f
16-i n c h d iameter cast
i r on p i pe s
Total Estimat ed Cos t
f or Stage III
$6 90 ,00 0
350 ,000
560 , 00 0
$1 , 600 , 00 0
St a ge IV
a . One well with a 1. 50
MGD pump $185 , 000
b . 2 ,000 f eet o f 1 0-inch
diame t er cas t i r o n pipe 4 0 , 000
To tal Estimat e d Cost
f o r St age I V $ 22 5 ,000
Stage V
a . Two well s wi t h two 1. 5 0
MGD pump s $ 41 0 , 000
b . One 0 .5 MG tank 14 0, 0 0 0
c . 7, 0 00 f e e t o f 8- i nc h
diameter c ast i r on pipe 11 0 , 0 0 0
Tota l Estima ted Co s t
f or Stage V $ 660 ,000
Stage VI
a . One wel l with a 2 .25
MGD pump $17 5 , 000
b . 6 ,00 0 f e et o f 8- i nc h
d i amete r c as t iron p ipe 95 , 00 0
Tota l Es timat ed Cost
f or Stag e VI $ 27 0 , 000
St age VI I
a . One well wi th a 1. 8 0
MGD p ump $355,000
b . 11 , 500 f ee t o f 1 2- i n c h
d iamet er c a st i r on pipe 27 5, 0 0 0
Tot a l Es tima t ed Cost
fo r Stage VII $ 6 3 0 , 000
---- - - - ------ -- - - - - - - - - - - -
Stag e VI I I
a . On e we l l with a 2 . 00
MGD pump $1 8 0 , 00 0
To t al Es tima t ed Co st
f or Stag e VI I I $ 1 8 0 , 0 0 0
St a ge I X
a . On e well with a 2 . 2 5
MGD pump $ 220 ,0 00
b . 3,0 0 0 f e e t o f 1 0- i n c h
diame t e r c a s t iron p i p e 6 0 , 0 0 0
To t a l Es t i ma t ed Cost
f or St age I X $ 280 ,00 0
Stage X
a . One wel l wi t h a 1. 7 5
MGD pump $1 8 5 , 000
b . 2 , 0 0 0 f e e t o f 8- i n c h
d iame t er cast iron p i p e 35 , 0 00
To t a l Es t i ma t e d Cos t
f or St age X $ 22 0 , 0 0 0
Tot a l Est i mat ed Cos t
For Ten Stages $5 , 64 5 , 000
--- - - _ ._-_._._-- -- - ..
TABLE 8






One well with a 1 . 50
MGD pump
On e 0 .5 MG tank
6 ,00 0 f e e t of 12-inch ,
d i ame t e r cast i ron pipe
Total Est imated Co s t
fo r Stage I
$ 26 5 ,000
140 , 000
145 ,000
$ 55 0 , 000
Stag e I I
a .
b .
One well with a 2 . 25
MGD pump
2 ,0 00 f eet of 8- i nc h
and 4 , 00 0 fee t of 1 6-
i n c h d iameter c as t iron
pipes
To t a l Est imat ed Cos t
f or Stag e I I
$3 35 ,0 00
1 60, 0 00
$ 495 ,000




Two well s wi t h t wo 1.80
MGD pump s
One 2 .0 MG tank
2 , 00 0 f e et of 1 0- i n ch,
1,5 00 f e et o f 1 2-inch
a n d 9 ,0 00 f eet o f 1 6-
inch diameter c a st iron
p i pes





- -- _._. ------ ---
$1 ,440 , 000
Stage IV
a . One wel l with a 2 .25
MGD pump $2 30 ,0 0 0
b . 2 , 0 0 0 f e e t of 8 - i nch
a n d 2 ,500 f e e t o f 1 4-
inc h d i a mete r cast iron
pip e s 1 00 , 0 0 0
Tota l Es timated Cost
f or Stag e I V $ 330 ,00 0
Stage V
a . One wel l with a 1.5 0
MGD pump $280 , 0 0 0
b . One 0 . 5 MG tank 1 4 0, 0 00
c . 4, 0 0 0 f e e t o f 8- i nc h
diameter c ast iron p i pe 65 ,000
Tot a l Est imate d Cost
f or Stag e V $ 485 , 000
St age VI
a . One well wi th a 2 .2 5
MGD pump $2 1 5 ,0 00
b . 6 , 00 0 f e e t o f 8- i n c h
a n d 3 , 000 f e et o f 1 2-
inch di ame t er cas t iron
pip e s 1 65 ,0 0 0
Total Estimated Cost
f or St age VI $ 380 ,000
St a ge VI I
a . One we l l with a 1. 8 0
MGD pump $380 ,000
b . 2 ,500 f e e t of 1 0-in c h
a nd 6 ,00 0 f e e t of 1 2-
i n c h diamet er pipes 1 9 0 , 0 0 0
To t al Est imated Cost
f or Stage VII $ 5 70 , 00 0
Stage VIII
a. One well with a 2.00
MGD pump $205~000
b. 2~000 feet of l2-inch
diameter pipe 50~000
Total Estimated Cost
for Stage VIII $ 255~000
Stage IX
a. One well with a 2.25
MGD pump $2l0~000
b. 2~500 feet of l2-inch
diameter cast iron pipe 60~000
Total Estimated Cost
for Stage IX $ 270~000
Stage X
a. One well with a 1. 75
MGD pump $240~000
b. 1~000 feet of 8-inch
diameter pipe l5~000
Total Estimated Cost
for Stage X $ 255~000
Total Estimated Cost
For Ten Stages $5~030~000
AP PEND IX
U.S .G .S . Are a Des ignat ions A, B, & C
Honokohau St rea m Flow Versus Di vers ion 1967
Honoko hau St re a m Flow Ve rs us Divers ion 1968
Estimat ed Stream Flow Available for Critical
Year, 1945 (Honokohau St rea m)
Desalinization
Evapo-tra n spiration Es tima t e
Unit Ra i n fa l l -- Runoff Plo t
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SCALE IN THOUSAND FEET
APPENDIX - I
APPEND IX
Honokohau St r eam Flow Ver su s Divers ion 1967
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109.0 41.0 + 68.0 130.0 49.0 +
110.0 65.0 + 45.0 30.0 33.0 -
65.0 44.0 + 21.0 65.0 44.0 +
18.0 23.0 - 5.0 54.0 34.0 +
11.0 15.0 - 4.0 38.0 40.0 -
9.7 14.0 - 4.3 14.0 21.0 -
9.7 14.0 - 4.3 20.0 27.0 -
12.0 19.0 - 7.0 11.0 18.0 -
22.0 38.0 - 16.0 14.0 22.0 -
13.0 20.0 - 7.0 80.0 53.0 +
30.0 37.0 - 7.0 22.0 29.0 -
19.0 27.0 - 8.0 16.0 22.0 -
12.0 20.0 - 8.0 27.. 0 36. 0 -
9.0 17.0 - 8.0 30.0 37.0 -
8.4 17.0 - 8.6 13.0 21.0 -
9.0 17.0 - 8.0 11.0 19.0 -
9.0 17.0 - 8.0 10.0 18.0 -
17.0 23.0 - &.0 15.0 21.0 -
14.0 22.0 - 8.0 16.0 24.0 -
32.0 34.0 - 2.0 ~3.0 31.0 +
13.0 21.0 - 8.0 12.0 19.0 -
21.0 29.0 - 8.0 10.0 18.0 -
~14.0 22.0 - 8.0 9.7 18.0 -
100.0 42.0 + 58.0 13.0 21.0 -
23.0 30.0 - 7.0 21.0 30.0 -
28.0 32.0 - 4.0 10.0 18.0 -
30.0 30.0 0.0 9.7 17.0 -
21.028.0 - 7.0 9.718.0-
16.0 24.0 - 8.0 12.0 20.0 -


























































































































































































































































7.2 54.0 50.0 +
7.2 36.0 36.0
7.5 19.0 27.0 -
7.5 72.0 44.0 +
7.5 85.0 44.0 +
7.5 46.0 46.0
7.5 16.0 22.0 -
7.0 16.0 23.0 -
7.0 24.0 30.0 -
7.0 19.0 27.0 -
7.0 15.022.0 -
4.0 12.0 18.r) -
7,0 51.0 42.0 +
8.0 17.0 24.0 -
12.0 20.0 -
26.0 32.0 -
7.0 14.0 22.0 -
7.0 12.0 19.0 -
7.2 26.0 32.0 -
7.2 16.0 23.0 ..
7.2 16.0 23.0 -
7.2 66.0 46.0 +
7.0 10.0 18.0 -
7.0 149.0 60.0 +
7.0 23.0 31.0 -
7.0
7.0
7.0 16.0 24.0 -
6.0 12.0 20.0 -
8.0 10.0 18.0 - 8.0 11.0 18.0 - 7.0
9.0 0,'7 1'C.O - 7.3 12.019.0 - 7.0













































15.0 26.0 - 11.0
15.0 21.0 - 6.0
13.0 20.0 - 7.0
12.0 20.0 - 8.0
19.0 26.0 - 7.0
H.G 22.0 - 8.0
12.0 20.0 - 8.0
17.0 25.0 - 8.0
13.0 22.0 - 9.0
17.0 25.0 - 8.0
15.0 24.0 - 9.0
14.0 22.0 - 8.0
15.0 22.0 - 7.0
12.0 20.0 - 8.0
11.0 19.0 - 8.0
12.0 20.0 - 8.0
47.0 48.0 - 1.0
44.0 37.0 + 7.0
48.0 37.0 + 11.0
13.0 21.0 - 8.0
12.0 20.0 - 8.0
11.0 19.0 - 8.0
11.0 19.0 - 8.0
11.0 19.0 - 8.0
31.0 35.0 - 4.0
68.0 52.0 + 16<0
26.0 31.0 - 5.0
15.0 24.0 - 9.0
















12.0 20.0 - 8.0
12.0 20.0 - 8.0
51.0 35.0 + 16.0
17.0 24.0 - 7.0
14.0 22.0 - 8.0
12.0 20.0 - 8.0
13.0 20.0 - 7.0
23.0 30.0 - 7.0




28.0 36.0 - 8.0 111.0 63.0 + 48.0
16.0 24.0 - 8.0 26.0 35.0 - 9.0
12.0 20.0 - 8.0 46.0 40.0 + 6.0
12.0 20.0 - 8.0 15.0 24.0 - 9.0
12.0 20.0 - 8.0 78.0 51.0 + 27.0
10.0 18.0 - 8.0 44.0 39.0 + 5.0
15.0 23.0 - 8.0 71.0 60.0 + 11.0
10.0 17.0 - 7.0 47.0 49.0 - 2.0
13.0 23.0 - 10.0 19.0 26.0 - 7.0
18.0 24.0 - 8.0 2R.0 35.0 - 7.0
9.8 17.0 - 7.2 52.0 48.0 + 4.0
9.2 17.0 - 7.~ 16.0 25.0 - 9.0
9.0 17.0 - 8.0 16.0 25.0 - 9.0
10.0 16.0 - 6.0 16.0 25.0 - 9.0
8.7 16.0 - 7.3 15.0 23.0 - 8.0
8.4 15.0 - 6.6 13.0 22.0 - 9.0
72.0 28.0 + 44.0 13.0 2i.0 - 8.0
13.0 13.0 0.0 l3.0 21.0 - 8.0
9.5 12.0 - 2.5 12.0 20.0 - 8.0
9.0 14.0 - 5.0 12.0 20.0 - 8.0
20.0 19.0 + 1.0 12.0 20.0 - 8.0
139.0 64.0 + 75.0
51.0 43.0 + 8.0
118.0 48.0 + 70.0
50.0 43.0 + 7.0
120.0 59.0 + 61.0
97.0 56.0 + 41.0
19.0 27.0 - 8.0
15.0 23.0 - 8.0
5R.0 41.0 - 17.0







8.2 15.0 - 6.8
8.2 15.0 - 6.8
8.2 14.0 - 5.8
8.0 14.0 - 6.0
8.7 16.0 - 6.3
8.7 16.0 - 6.3
8.0 15.0 - 7.0
7.7 15.0 - 8.3
52.0 46.0 + 6.0
111.0 48.0 + 63.0
22.0 12.0 + 10.0
14.0 9.2 + 4.8
12.0 14.0 - 2.0
10.0 17.0 - 7.0
27.0 30.0 - 3.0
15.0 23.0 - 7.0
19.0 22.0 - 3.0
27.0 30.0 - 3.0
10.0 17.0 - 7.0
12.0 19.0 - 7.0
8.7 16.0 - 7.3
8.7 15.0 - 6.3
18.0 24.0 - 6.0
8.7 16.0 - 7.3
8.5 16.0 - 7.5
8.2 15.0 - 6.8
196.0 5 7.0 +139.0
89.0 53.0 + 36.0
JANUARY
1 17.0 23.0 - 6.0
2 24.0 28.0 - 4.0
3 47.0 49.0 - 2.0
4 125.0 65.0 + 60.0
5 46.0 45.0 + 1.0
6 14.0 20.0 - 6.0
7 11.0 18.0 - 7.0
8 14.0 20.0 - 6.0
9 15.0 22.0 - 7.0
10 9.5 16.0 - 6.5
11 57.0 47.0 + 10.0
12 49.0 35.0 + 14.0
13 11.0 17.0 - 6.0
14 9.8 16.0 - 6.2
15 9.2 16.0 - 6.8
16 8.7 15.0 - 6.3
17 9.0 16.0 - 7.0
18 12.0 19.0 - 7.0
19 16.0 24.0 - 8.0
20 11.0 17.0 - 6.0
21 9.0 15.0 - 6.0
22 9.0 15.0 - 6.0
23 8.4 15.0 - 6.6
24 8.4 15.0 - 6.6
25 36.0 33.0 + 3.0
26 11.0 18.0 - 7.0
279.5 16.0 - 6.5
28 8.4 15.0 - 6.6
29 9.2 15.0 - 5.8
30 8.4 15.0 - 6.6





LOW I N '1. r • D.
+ OVERFLOW




AVERAGE DEVELOPMENT TUNNEL FLOW TIMES NO. OF DAYS OVERFLOW
ADDITIONAL WATER AVAILABLE FOR DEVELOPMENT
AVERAGE DAILY WATER AVAILABLE FOR DEVELOPMENT
SOURCE: 1. MAUl PINEAPPLE COMPANY, LTD.
2. "SURFACE WATER RECORDS OF HAWAII AND
OTHER PACIFIC AREAS".
APPENDIX








JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER
~;:;: 0::: ~;:;: 0::: ~;:;: ~ ~;:;: 0::: ~ ~:::: 0::: ~L, ".,-< P.:: ~
. . . . . . . . . . .
~ ~ ~ ~~ ;:::;: pc; ~ ..... p,:; ~ ~;:;: 0::: ~ ? 0::: •.r.. ~:::: 0::: ~ -< 0::: u,U} ~ ~ ~ ~ ~ f.l< P-:I ~ P-:I rJ~ P-:I P-, """~ ~~
>-0 P-:lO > H P-:lO > H P-:lO > H P-:lO > H P-:lO > H P-:lO > H
-=:r::::: P-:I .-1..< -=:r::::: P-:I ~ P-:I P... :<:::: P-:I ~ ~ P< P-:I ~L,
P-:lC > H P-:lO > H ~o > H P-:lO > H P-:lO > H P-:lO > H
-=:r: O:::.....:l H 0 O:::.....:l H 0 O:::.....:l H 0 O:::.....:l H 0 O:::.....:l H 0 ~~ H 0
0 E-<~ 0 E-<~ 0 E-<~ 0 E-<~ 0 ,..... ~ Q E-< ~L., Q O:::.....:l
H Q O:::.....:l H Q O:::.....:l H 0 O:::.....:l H 0 O:::.....:l H 0 O:::.....:l H Q
E-<~ 0 E-<~ 0 E-<~ 0 E-< .... Q E-<~ Q E-< ~L, 0
U} U} U} U} U} U} U} U} U) U} U) U)
1 11. 0 18.0 " 7.0 9.0 16.0 - 7.0 8.4 16.0 - 7.6 25.0 35.0 - 10.0 14.0 22.0 - 8.0 12.0 20.0 2.0 40.0 35.0 + 5.0 14.0 22.0 - 8.0 7.1 15.0 - 7.9 7.1 14.0 - 6.9 9.0 17.0 - 8.0-
2 12.0 21.0 - 9.0 9.0 16.0 - 7.0 8.4 16.0 - 7.6 21.0 31.0 - 10.0 13.0 22.0 - 9.0 11. C 19.0 - 8.0 12.0 19.0 - 7.0 8.4 17.0 - 8.6 65.0 41.0 + 24.0 7.1 14.0 - 6.9 9.0 16.0 - 7.0..
3 52.0 36.0 + 16.0 8.4 16.0 - 7.6 76.0 55.0 + 21. 0 17.0 27.0 - 10.0 13.0 22.0 - 9.0 11. 0 19.0 - 8.0 12.0 20.0 - 8.0 8.4 16.0 - 7.6 13.0 19.0 - 6.0 7.1 13.0 - 5.9 17.0 25.0 - 8.0
4 76.0 44.0 + 32.0 8.4 16.0 - 7.6 103.0 59.0 + 44.0 16.0 26.0 - 10.0 13.0 22.0 - 9.0 11. 0 19.0 - 8.0 16.0 24.0 - 8.0 8.4 16.0 - 7.6 8.4 16.0 - 7.6 6.5 13.0 - 6.5 107.0 49.0
+ 58.0
5 28.0 34.0 - 6.0 8.4 16.0 - 7.6 59.0 45.0 + 14.0 19.0 29.0 - 10.0 13.0 22.0 - 9.0 11. 0 19.0 - 8.0 13.0 21.0 - 8.0 7.8 16.0 - 8.2 7.8 15.0 - 7.2 6.5 13.0 - 6.5 18.0 26.0 - 8.0
6 12.0 21. 0 9.0 8.4 15.0 - 6.6 12.0 20.0 - 8.0 16.0 26.0 - 10.0 13.0 22.0 - 9.0 11. 0 19.0 - 8.0 11. 0 18.0 - 7.0 34.0 27.0 + 7.0 7.1 15.0 - 7.9 6.5 13.0 - 6.5 12.0 19.0 - 7.0-
7 10.0 18.0 8.0 12.0 19.0 - 7.0 10.0 18.0 - 8.0 16.0 25.0 - 9.0 14.0 22.0 - 8.0 11.0 19.0 - 8.0 10.0 18.0 - 8.0 16.0 26.0 - 10.0 7.8 15.0 - 7 . 2 6.5 13.0 - 6.5 8.4 16.0 - 7.6-
8 9.7 18.0 - 8.3 9.7 16.0 - 6.3 9.7 18.0 - 8.3 16.0 25.0 - 9.0 16.0 25.0 - 9.0 11. 0 19.0 - 8.0 9.7 17.0 - 7.3 28.0 29.0 - 1.0 7.1 15.0 - 7.9 6.5 13.0 - 6.5 8.4 15.0 - 6.6
9 9.0 17.0 - 8.. 0 8.4 15.0 - 6.6 9.0 17.0 - 8.0 16.0 25.0 - 9.0 14.0 24.0 -10.0 11.0 19.0 - 8.0 9.7 17.0 - 7.3 11. 0 19.0 - 8.0 7.1 14.0 - 6.9 6.5 13.0 - 6.5 8.4 15.0 - 6.6
10 9.0 17.0 - 8.0 8.4 15.0 - 6.6 34.0 37.0 - 3.0 30.0 34.0 - 4.0 16.0 25.0 - 9.0 11. 0 19.0 - 8.0 14.0 21. 0 - 7.0 9.7 17.0 - 7.3 7.1 14.0 - 6.9 8.4 15.0 - 6.4 8.4 15:0 - 6.6
11 9.0 17.0 - 8.0 8.4 15.0 - 6.6 77.0 50.0 + 27.0 17.0 29.0 - 12.0 18.0 27.0 - 9.0 15.0 24.0 - 9.0 21. 0 30.0 - 9.0 8.4 16.0 - 7.6 7.1 14.0 - 6.9 7.1 14.0 - 6.9 7.1 14.0 - 6.9
12 9.0 17.0 8.0 8.4 15.0 - 6.6 63.0 44.0 + 19.0 16.0 25.0 - 9.0 14.0 24.0 -10.0 12.0 20.0 8.0 48.0 42.0 + 6.0 8.4 16.0 - 7.6 7.1 14.0 - 6.9 6.5 13.0 - 6.5 78.0 26.0 + 52.0- -
13 9.0 17.0 - 8.0 8.4 15.0 - 6.6 160.0 65.0 + 95.0 16.0 25.0 - 9.0 43.0 32.0 -11.0 12.0 20.0 - 8.0 14.0 22.0 - 8.0 8.4 16.0 - 7.6 7.1 14.0 - 6.9 6.5 13.0 - 6.5 227.0 65.0 +162.0
14 9.0 17.0 - 8.0 8.4 15.0 - 6.6 81. 0 55.0 + 26.0 15.0 25.0 - 10.0 17.0 26.0 - 9.0 21. 0 28.0 - 7.0 19.0 26.0 - 7.0 7.8 15.0 - 7.2 7.1 14.0 - 6.9 6.5 13.0 - 6.5 35".0 41.0 - 6.0
15 8.4 16.0 - 7.6 24.0 25.0 - 1.0 86.0 53.0 + 33.0 14.0 24.0 - 10.0 14.0 22.0 - 8.0 13.0 20.0 - 7.0 10.0 17.0 - 7.0 8.4 16.0 - 7.6 12.0 20.0 - 8.0 6.5 13.0 - 6.5 13.0 21. 0 - 8.0
16 15.0 24.0 - 9.0 34.0 34.0 o. a 267.0 52.0 +215.0 15.0 24.0 - 9.0 17.0 27.0 -10.0 11. 0 19.0 - 8.0 9.0 17.0 - 8.0 8.4 16.0 - 7.6 8.4 15.0 - 6.6 8.4 15.0 - 6.6 20.0 25.0 - 5.0
17 33.0 32.0 + 1.0 81. 0 50.0 + 31. 0 56.0 36.0 + 20.0 16.0 25.0 - 9.0 23.0 31.0 - 8.0 19.0 30.0 - 11. 0 9.0 17.0 - 8.0 8.4 16.0 - 7.6 9.0 16.0 - 7.0 6.5 13.0 - 6.5 24.0 29.0 - 5.0.
18 14.0 22.0 - 8.0 15.0 21. 0 - 6.0 81. 0 43.0 + 38.0 14.0 24.0 - 10.0 19.0 2.8.0 - 9.0 12.0 19.0 - 7.0 19.0 26.0 - 7.0 7.8 15.0 - 7.2 7.1 14.0 - 6.9 6.5 13.0 - 6.. 5 19.0 26.0 - 7.0
19 19.0 25.0 - 6.0 9.7 17.0 - 7.3 144.0 42.0 +102.0 14.0 24.0 - 10.0 26.0 31.0 - 5.0 12.0 10.0 18.0 - 8.0 8.4 15.0 - 6.6 14.0 21. 0 - 7.0 6.5 13.0 - 6.5 20.0 23.0 - 3.0
<
20 34.0 34.0 0.0 9.0 16.0 - 7.0 26.0 24.0 + 2" 0 14.0 24.0 - 10.0 14.0 23.0 - 9.0 12.0 14.0 22.0 - 8.0 9.7 18.0 - 8.3 23.0 27.0 - 4.0 6.5 13.0 - 6.5 22.0 54.0 - 32.0
21 11. 0 18.0 - 7.0 107.0 38.0 + 69.0 24.0 25.0 - 1.0 16.0 26.0 - 10.0 12.0 21.0 - 9.0 12.0 14.0 23.0 - 9.0 9.0 17.0 - 8.0 7.8 15.0 - 7.2 6.5 13.0 - 6.5 12.0 17.0 - 5.0
22 9.7 17.0 - 7.3 12.0 19.0 - 7.0 - - 28.0 - - 14.0 24.0 - 10.0 13.0 21.0 - 8.0 11.0 9.7 18.0 - 8.3 7.8 15.0 - 7.2 15.0 22.0 - 7.0 6.5 13.0 - 6.5 35.0 36.0 - 1.0
23 9.7 17.0 - 7.3 10.0 17.0 - 7.0 35.0 41.0 - 6.0 14.0 23.0 - 9.0 16.0 29.0 -13.0 55.0 9.0 17.0 - 8.0 10.0 18.0 - 8.0 9.7 17.0 - 7.3 7.8 14.0 - 6.2 12.0 19.0 - 7.0
24 9.7 16.0 - 6.3 9.0 16.0 - 7.0 45.0 42.0 + 3.0 14.0 23.0 - 9.0 14.0 23.0 - 9.0 12.0 8.4 16.0 - 7.6 28.0 30.0 - 2.0 7.1 14.0 - 6.9 17.0 21. 0 - 4.0 9.0 16.0 - 7.0
-
25 9.0 16.0 - 7.0 27.0 28.0 - 1.0 44.0 43.0 + 1.0 19.0 27.0 - 8.0 19.0 25.0 - 6.0 23.0 9.0 17.0 - 8.0 21. 0 28.0 - 7.0 7.1 14.0 - 6.9 9.7 16.0 - 6.3 59.0 40.0 + 19.0
26 9.0 16.0 - 7.0 12.0 18.0 - 6.0 70.0 49.0 -;. 21. 0 16.0 24.0 - 8.0 47.0 36.0 +11.0 12.0 8.4 16.0 - 7.6 14.0 23.0 - 9.0 7.1 14.0 - 6.9 7.3 15.0 - 7.2 13.0 21. 0 - 8.0
27 21. 0 26.0 - 5.0 9.0 16.0 - 7.0 37.0 42.0 - 5.0 25.0 32.0 - 7.0 13.0 21.0 - 8.0 10.0 8.4 16.0 - 7.6 8.4 16.0 - 7.6 7.1 13.0 - 5.9 6.5 13.0 - 6.5 9.7 17.0 - 7.3
28 14.0 22.0 - 8.0 8.4 15.0 - 6.6 56.0 46.0 + 10.0 15.0 24.0 - 9.0 12.0 21.0 - 9.0 12.0 8.4 16.0 - 7.6 7.8 15.0 - 7.2 9.0 16.0 - 7.0 76.0 29.0 + 47.0 24.0 43.0 - 19.0
29 10.0 17.0 - 7.0 8.4 16.0 - 7.6 52.0 45.0 + 7.0 14.0 23.0 - 9.0 12.0 20.0 - 8.0 13.0 14.0 22.0 - 8.0 7.8 15.0 - 7 . 2 7.1 14.0 - 6.9 347.0 59.0 +288.0 12.0 19.0 - 7.0
30 9.0 17.0 - 8.0 47.0 44.0 + 3.0 14.0 23.0 - 9.0 12.0 20.0 - 8.0 90.0 9.7 18.0 8.3 7.8 15.0 7.2 23.0 23.0 0.0 16.0 24.0 8.0 9.0 16.0 7.0- - - -
31 9.0 16.0 - 7.0 14.0 22.0 - 8.0 59.0 25.0 29.0 - 4.0 8.4 16.0 - 7.6 8.4 16.0 - 7.6
+ 49.0 +100.0 +494.0 +207.0 0.0 +22.0 0.0 + 11. 0 + 7.0 + 24.0 +335.0 +291.0
A 22.5 12.8 64.8 4o, 0 17.4 15.2 7 " 7.0 13.0 31. 6
-_._-
J • ~
B 71. 5 112.8 558.8 247.0 39.4 26.2 14.6 31.0 348.0 322.6
C 2.3 3.9 34.9 19.0 0.0 1.3 0.0 0.8 0.5 1.0 11.6 10.4
~::'LOW IN ;'LG.D.
+ OVERFLOl;




AVERAGE DEVELOPMENT TUNNEL FLOW TIMES NO. OF DAYS OVERFLOW
ADDITIONAL WATER AVAILABLE FOR DEVELOPMENT
AVERAGE DAILY WATER AVAILABLE FOR DEVELOPMENT
SOURCE: 1. MAUl PINEAPPLE COMPANY, LTD.
2. "SURFACE WATER RECORDS OF HAWAII AND OTHER
PACIFIC AREAS".
APPEND IX
Es tima t e d St ream Flow Availab le For
Year , 1945 ( Honokoha u Stre am)
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CRITICAL YEAR (1945 )
.JANUARY FEBRUARY MARCH APRIL \!AY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER
..... . ~ 0- . . ~~ ~ ::::: . ~~ ~~ ? . . ~~ ~~ . . ~~ . ~~(f) ~~ • .....:1 .....:I ;s- • .....:1 .....:I • .....:1.....:1 <::s: • .....:1 .....:I <::s:. • .....:1 .....:I ••-~ .....:I • .....:1 .....:l :<~ • .....:1 .....:I • .....:1 .....:I • .....:1 .....:I • .....:I .....:I • .....:1 ......:l
>-< r-uo f-o- H r-uo f-o - ...... r-uo f-o- H r-uo f-o - H r-uo f-o - H r-uc f-o - H r-uo f-o- H r-uo f-o- H r-uo f-o- H r-uo f-o- H r-uo E-<- H r-uo f-o- H
< ~;.....:I u)>=l< ~.....:I U)>=l< P::.....:I U)>=l< ~.....:I U)>=l< P::.....:I U)Q< ~.....:I U)r::l< P::.....:I U)>=l< P::.....:I u)>=l< ~.....:I U)>=l< ~.....:I U)>=l< ~.....:I u)>=l< P::.....:I u)>=l<r::>=l f-o p, r-u>=l> f-o >.L, r-u>=l> f-o~ r-u>=l> f-o 11.., r-uC',> f-o ~< r-u>=l> f-o p., r-u ';:'=1 > E-<~ r-u>=l> E-<~ r-u>=l> f-o~ r-u>=l> E-<~ r-u~> f-o~ ~>=l> f-o~ P-1>=l>U) « U) « U) « (J) <<r: U) « U) .~ < U) « U) « U) « U) « U) <r::< U) <-<
1 8.7 0.0 7.6 0.0 11. 3 0.0 7.6 0.0 7.5 0.0 7.1 0.0 31. 0 5.0 11.3 0.0 7.3 0.0 6.2 0.0 11. 3 0.0 5.8 0.0
2 8.7 0.0 7.6 0.0 27.0 0.0 7.6 0.0 12.4 0.0 12.0 0.0 48.0 6.0 13.7 0.0 8.0 0.0 6.6 0.0 18.9 0.0 24.5 0.0
3 8.5 0.0 7.6 0.0 26'.5 0.0 7.6 0.0 9.3 0.0 9.2 0.0 8.0 0.0 7.3 0.0 14.4 0.0 6.6 0.0 8.7 0.0 86.0 40.0
4 8.5 0.0 7.6 0.0 47.0 6.0 7.6 0.0 8.0 0.0 7.6 0.0 7.6 0.0 6.9 0.0 9.8 0.0 6.2 0.0 7.6 0.0 52.0 10.0
5 8.5 0.0 7.6 0.0 25.0 0.0 7.6 0.0 7.6 0.0 13.8 0.0 6.9 0.0 105.0 65.0 12.2 0.0 6.2 0.0 6.9 0.0 10.6 0.0
6 8.2 0.0 7.8 0.0 27.5 0.0 19.2 0.0 7.6 0.0 8.7 0.0 6.9 0.0 66.0 30.0 9.5 0.0 6.2 0.0 8.4 0.0 7.3 0.0
7 8.2 0.0 7.6 0.0 33.5 2.0 10.0 65.0 7.6 0.0 9.7 0.0 6.6 0.0 20.5 0.0 16.6 0.0 6.2 0.0 11.4 0.0 7.1 0.0
8 8.2 0.0 7.6 0.0 77.0 30.0 96.0 65.0 7.6 0.0 14.3 0.0 6.4 0.0 15.4 0.0 7.3 0.0 6.1 0.0 9.8 0.0 6.9 0.0
9 8.2 0.0 7.6 0.0 36.0 4.0 14.1 0.0 7.6 0.0 9.8 0.0 6.6 0.0 15.7 0.0 6.9 0.0 8.2 0.0 32.0 4.0 6.4 0.0
10 8.2 0.0 7.3 0.0 13.7 0.0 9.3 0.0 7.3 0.0 7.6 0.0 13.7 0.0 13.2 0.0 8.9 0.0 7.0 0.0 25.0 0.0 6.6 0.0
11 8.2 0.0 7.3 0.0 18.3 0.0 9.3 0.0 7.3 0.0 10.4 0.0 19.9 0.0 20.5 0.0 24.0 0.0 6.4 0.0 12.3 0.0 15.7 0.0
12 8.2 0.0 7.3 0.0 17.0 0.0 8.7 0.0 7.3 0.0 10.0 0.0 7.3 0.0 11. 0 0.0 7.1 0.0 6.2 0.0 7.3 0.0 28.0 0.0
13 8.2 0.0 7.3 0.0 80.0 40.0 15.9 0.0 7.3 0.0 13.7 0.0 6.6 0.0 8.0 0.0 6.6 0.0 6.2 0.0 7.8 0.0 7.8 0.0
14 8.2 0.0 8.2 0.0 11. 5 0.0 38.5 4.0 7.1 0.0 16.7 0.0 6.7 0.0 8.0 0.0 20.5 0.0 6.4 0.0 7.1 0.0 6.6 -0.0
15 8.2 0.0 7.6 0.0 11. 2 0.0 22.0 0.0 7.3 0.0 7.8 0.0 14.3 0.0 30.5 4.0 14.3 0.0 8.3 0.0 6.6 0.0 6.4 0.0
16 8.0 0.0 7.8 0.0 73.0 30.0 43.0 6.0 7.6 0.0 7.6 0.0 45.0 6.0 15.9 0.0 11.3 0.0 11.0 0.0 6.4 0.0 6.2 0.0
17 18.5 0.0 8.5 0.0 65.0 30.0 23.5 0.0 7.1 0.0 7.5 0.0 7.8 0.0 8.0 0.0 10.7 0.0 6.9 0.0 6.2 0.0 6.2 0.0
18 9.6 0.0 7.8 0.0 27.0 0.0 11.6 0.0 8.5 0.0 8.7 0.0 6.9 0.0 39.0 4.0 8.2 0.0 22.0 0.0 6.2 0.0 6.0 0.0
19 8.2 0.0 7.6 0.0 15.2 0.0 9.0 0.0 13.9 0.0 13.4 0.0 6.9 0.0 13.4 0.0 6.9 0.0 8.0 0.0 6.0 0.0 6.0 0.0
20 8.0 0.0 7.6 0.0 15.3 0.0 8.7 0.0 9.8 0.0 32.5 4.0 7.6 0.0 20.0 0.0 6.4 0.0 7.8 0.0 6.0 0.0 6.2 0.0
21 8.0 0.0 12.6 0.0 9.5 0.0 9.0 0.0 7.6 0.0 22.0 0.0 6.9 0.0 9.3 0.0 6.4 0.0 6.4 0.0 6.0 0.0 6.0 0.0
22 22.0 0.0 17.1 0.0 8.7 0.0 8.2 0.0 7.1 0.0 14.5 0.0 7.3 0.0 7.8 0.0 6.4 0.0 6.0 0.0 6.0 0.0 6.0 0.0
23 8.7 0.0 11.2 0.0 8.2 0.0 8.2 0.0 7.1 0.0 35.0 4.0 8.4 0.0 34.5 4.0 6.2 0.0 6.4 0.0 56.0 10.0 6.0 0.0
24 8.2 0.0 10.8 0.0 14.6 0.0 11.1 0.0 7.1 0.0 9.5 0.0 7.3 0.0 82.0 40.0 6.0 0.0 6.6 0.0 16.2 0.0 5.8 0.0
25 8.0 0.0 13.5 0.0 9.5 0.0 9.5 0.0 7.1 0.0 10.1 0.0 7.1 0.0 15.8 0.0 6.0 0.0 6.0 0.0 8.0 0.0 5.8 0.0
26 8.0 0.0 16.7 0.0 8.2 0.0 8.2 0.0 7.1 0.0 15.1 0.0 6.9 0.0 8.7 0.0 6.0 0.0 12.8 0.0 6.4 0.0 5.8 0.0
27 7.8 0.0 35.0 0.4 8.0 0.0 8.0 0.0 7.1 0.0 10.8 0.0 6.9 0.0 8.2 0.0 6.0 0.0 22.0 0.0 6.2 0.0 5.8 0.0
28 7.8 0.0 10.9 0.0 18.4 0.0 7.6 0.0 7.3 0.0 8.2 0.0 9.2 0.0 7.8 0.0 6.0 0.0 14.5 0.0 6.0 0.0 5.8 0.0
29 7.8 0.0 14.8 0.0 7.8 0.0 6.9 0.0 7.6 0.0 8.0 0.0 8.7 0.0 6.0 0.0 43.0 6.0 6.0 0.0 5.6 0.0
30 7.6 0.0 9.4 0.0 8.0 0.0 6.9 0.0 7.6 0.0 43.0 6.0 9.3 0.0 6.0 0.0 50.0 10.0 5.8 0.0 5.6 0.0
31 7.6 0.0 8.0 0.0 7.1 0.0 11. 0 0.0 8.7 0.0 29.5 0.0 5.6
279.0 0.0 281. 0 4.0 775.0 142.0 562.0 140.0 244.0 0.0 369.0 8.0 39.3 23.0 650.0 147 ..0 278.0 0.0 358.0 16.0 335.0 14.0 372.0 50.0
A 0.0 5.0 35.0 20.0 0.0 10.0 20.0 30.0 0.0 10.0 10.0 10.0
B 0.0 9.0 177.0 160.0 0.0 18.0 43.0 177.0 0.0 26.0 24.0 60.0
C 0.0 0.3 5.9 5.4 o 0 o 6 1.4 5.7 0.0 0.8 0.8 1.9
A AVERAGE DEVELOPMENT TUNNEL FLOW TIMES NO. OF DAYS OVERFLOW
B = ADDITIONAL WATER AVAILABLE FOR DEVELOPMENT
C = AVERAGE DAILY WATER AVAILABLE FOR DEVELOPMENT
SOURCE: "SURFACE WATER SUPPLY OF HAWAII".
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... . . --------_ ._ --- - ---- ------ ----------- -
There are two sour ces of wat er, p otentially potable , that c a n n o t
be dismissed from any water re source s t u dy f or c oastal areas o f
t he Hawa i ian I s l a nds wit h out s ome c on s i dera t i on. Pr esent data does
not support the near f u t ur e u s e of se a water, or bracki sh or basal
wat er o f hi gh s a l i n i ty level s f or d omes tic, mun ic i p a l o r h igh qualit y
industrial use s .
SEA WATER
The mos t un l i mited s our c e of wat e r, wi t hout re l a tion to qual-
i t y , i s the vast area of oc ean that s ur roun ds the Hawaiian I sland s .
Proce s sing o f se a wa t e r f or dome st i c , municipa l a n d hi gh qualit y
industrial u se has been under s t udy and inve stiga tion o f a v e r y
detailed nature and expensive level f or some numb e r of ye a r s . A
great numbe r of priva t e orga n i zation s , as well as the Offi c e of
Saline Wat er of the U. S. Department o f the Interior, has s p en t
milli ons o f dollars on t he inve stigati on and e valua ti on o f numer-
ou s proc es s e s , s ome a t laboratory scale, s ome a t pilo t plant s c a le ,
some a t demonstration plant s c a le , a n d others a t production leve l .
There a r e numerou s se a wat e r conv e rsion p l a nt s ope r ating t h rough-
out the world , but the s e have gene r a l ly be en es t a b l is he d for r e -
s e a rch , f o r demon s tration purpo s es , o r i n l o ca l i t i e s where there
are pract ically n o o t h e r sourc es o f wate r t o me e t p ot a b l e wa te r
demand s . Inve stigation, research , and d evelopment work has be en
proc e e ding at a very s u b s t a n t i a l leve l e v e r since the e s t a b l i s h -
ment o f the Office of Sal ine Wat er by Congr ess in 1 95 2 .
Proce s s es
There are s even bas ic , or primary , p rocesse s b y which sea wat e r
can be convert ed to "p o t a b l e water" . Th e s e proc e s s e s are:
a . Di stillation proce s s e s
b . Vapor compr e s s ion di stil lati on
c . Humi d ification
d . Fre ezing
e . Memb r ane pro ces ses
f . I on exc h a nge
g . Hydration
Th e r e are var i a t ion s o f s e v e r a l o f the s e p r o ce s s e s . Fo r e x-
ample , under di stillati on , there i s l ong tube ve r t i c a l di st illation ,
a mul t i - effect, a nd a mul tiple st a ge disti l lat ion . The membrane
proc e s s e s inc lude:
a . Rev e rse osmos is
b. Ele c t rodialy s is
c . Transport d ep l e ti on
A de ta i le d d i s cu s s i on of the technica l d i f ferenc e s , the t ech-
ni ca l st a ge o f d e velopme n t and the technica l p rob lems o f the var-
i ou s pro c e s ses i s n ot a pp ropr i a te f or thi s r e port . For a more
c omp l e t e , bu t simpl i f ied exp l a n a t ion of the v a r ious p r o ce s s e s ,
t he publicati on e n t i t led "Th e A- B- Se a s o f Des a lting " by the U.S .
Dep a rtment o f the Inte r ior , Of f i ce o f Saline Water , i s r e c omme n de d .
Ec on omi c s o f Sea Wat er De salinization
Te chn ical ly it i s poss ible by severa l o f the above meth od s t o
produc e fres h wa t e r from se a wa t e r. To do th i s a t a n ac c e p t a ble
cost leve l is , how eve r , ex t reme l y di f f icu lt . Gen e r ally , t o be
acceptable to tho s e who must p a y f or water or it s deve lopme n t ,
fre sh wat e r must be produ c ed fr om se a wa t er at a cos t that i s compat -
i bl e to t he c heape st other alterna tive .
--_....._... - --- - - - - - - - - - - - - - - - - - - - - -
Present ly , i n excess of 50 mi l l ion ga llons of fresh wate r i s
produced daily t h r oughou t the wor ld fr om sea water . Practically
all o f the numerou s plant s involved in t h e p r oducti on o f the 50
MGD cost s o f wat er produced are in excess o f $1 . 00 per thousand
ga l lons , except whe re e ne rgy i s availab le at a very, ve r y l ow cost .
The concentrat i on of s a lt and s a l i ne wate r , the cos t of ene rgy
an d the scal e economies of t h e desalting plant s ize a re the primary
f a ctors influe ncing the cost o f wa t er produced.
St ud ies " proj e ct ing c ost s" indicate t hat a suff ic i ent ly l arg e
plant operat ing on a l ow e nough e n e r gy cost , a c on d i t i on p robab -
l y not a vai lab l e in Ha waii fo r s ome time to come , could produce
"potab le water " at c osts of le s s than $0 .5 0 per thousand gal lon s .
Th e r e i s no e vi de n c e at the pre s ent t i me that any current p lant
operatin g on s e a water i s p roduc ing fr e sh wat e r at thi s cost l e vel .
Ot he r a lternat ive s of wate r s upply i n West Mau i a re s ub s t a n t i a l l y
under t his f i gure.
BRACKI SH WATER
The proc e s s e s uti l i z e d for the d e sa l i n i za t ion o f s e a water c an,
of co u r se , be ut ilized f or the de sa liniza t ion of brackish wa t er.
In the case of We st Maui , sub stantia l amount s of bracki sh water ,
o f variable s a l i n i ty , are availab le in the so cal l ed Ghybe n - Her zbe rg
l e n s, which i s the "ba s a l a quifer " .
Pro c e sses
Th e membrane proc e s se s and ion excha nge are the proc e s se s mo s t
a pp l i ca b l e t o the tre at ment o f brac ki sh waters . Th e e f fe c t i ve -
ne s s a nd the cos t o f these proc e s s e s a r e dep ende n t on the two basic
parame t e rs of s a l i n i t y l evel and e ne rgy co st.
The o t he r p r oc e s s e s are ge n e r a l l y n ot conside re d adap tab l e because
t h e y involve a change of s t a t e of wat e r wi t h the r e s u l t t h a t ene r gy
r e quire ment s are v e ry clo s e to t h o s e o f s e a wate r c onve rsi on proce s s .
Ec on omic s o f Br a c ki s h Wat er Des a l i n iza t ion
The e le ct ro di a lys is pro cess i s t h e mo s t a dvanced o f the mem-
brane p r o c e s s e s a t th i s po int i n t i me . I n t his pro c e s s ~ the amount
of e n e r gy r equired is a fu nct i on o f t he amount of s a l t t o be r e-
moved i n the pro c e s s. Here aga in , co s t s o f t r e a tment are d irec t l y
r elat ed t o the c o s t s o f e l e ct r i c e ne rgy . The additional p rob lem
r elat e d t o b r a c k ish wat er i s t hat it s chemical analy si s vari e s
gre a t ly . Variation s in che mi c a l c ont e nt r equire gr e a t ver s ati l it y
of unit s and al s o t ec hnica l p robl e ms o f p r e -t re a tme nt , sc a ling ,
br i n e concen t r ation limitati ons a n d mu l t ip l ic i t y o f s t a g e s .
There i s a l s o a p r ob l em f o r any g i ve n inst a llati on s hould t he re
be a change in the chemica l qu a li t y o f t h e wate r , whi ch can happen
wi th s upp l ies fr om the basal aqu~ fe r whe r e over-p ump i ng ~ drought
p e riods ~ s e a wat er i nfil tra t i on o r o t h e r f a c t or s va r y t he mi ne ral
co n c en t r at i on .
The i on e xc ha nge pro c e s s d oe s not h a ve t he e ne rgy cos t p r ob -
l em r e l at ed to o t h e r t e c hn i qu e s ~ s i n ce i t i s in e s s ence a chemic a l
exc hange pro c e s s . Howeve r ~ t he r e s i n s whi c h are t he media o f i on
e xc h a nge a re subj e ct t o e xhaus tion and r e q ui r e p e r i od i c r e g e n e r-
a t i on , t he period o f whi c h varie s wit h the mi n e r a l con t e n t o f the
wate r being treat ed . To dat e ~ r e g e nera t i on cos ts have l i mi t e d
i on e xchange t o c e r t a i n a pp l i c a t ions .
GENERAL COMMENTS
To g i ve some r e a li s t i c bas is to t h e a bov e comments , t h e f o l-
l owing quo t a t i on i s t a k e n fr om a pap e r e n t i t led " Curre n t Te chno l -
ogy o f Mu lti -Stage F l a sh Evapo r a t ors " by A. St e i nb ruc h e l , pre s e n t e d
at a seminar ent itled " De s a l i n a t i on: Methods an d Appl icat ion s " ,
held at the Univ e r s i t y o f Ca li fo rnia , Be rke ley , Ma r c h 2 4 - 28 ,
1969
"Predi cted o r e xt r a po lat e d wa t e r cost s f r om d e s alt-
ing plant s h ave been ve r y mis re pre sentat ive , to say
the least . To p ut some unifo r mi t y in acc ounting c o st
o f aux i l iari e s on wate r p roduct ion cost , the o f f ic e
o f Sa l i ne Wate r has p u t f orward some gro und rul e s f or
a s se s s i ng i t emiz e d c o s t a s a part o f t h e d e s a lted wat e r
cost .
" Al l o f the above li s t e d de salt ing plant s a r e dual
purp o s e instal l a ti on s which u tili z e l ow cos t turb ine
e xt r a c t ion s t e a m a s heatin g source .
"The s t e a m c ost used by the s e p lan t s v a ri es fr om
$0 . 15 t o $0 . 31 pe r mil l i on BTU , d ep e nd i ng on the t y p e
o f power p lant and pressure of h eat ing s t e a m t o the
de sal t ing p lan t .
" I n s i ng l e purp o s e d e sal t ing p lan ts wh e re t h e s te a m
is to be g e n e r a t e d by a boi l er servi ng only the d e s a l t-
i ng p l a nt , p roduct i on cost s o f the d e sal t e d water a re
con s i de rab l y highe r , thus s i ng l e purpo se p lant s u sua l l y
opt imize at a h i gher therma l pe rforman ce r a t i o . "
The con c l us ion , de r i ve d fr om most r e c e n t data an d d i s cu s si ons
at t he Be rke l ey seminar , i s that the de s a lini zat ion o f sea wate r
i s not a f ore se e a bly app licab le techn ique t o p rovide f o r the wa t er
need s o f We st Mau i .
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Uni t Ra i n f a l l -- Runo f f Pl o t
App e nd i x 7
SUMS OF MEDIAN SEASONAL RUNOFF t M.G. PER ACRE - MONTH
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